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PREFACE. 



Although the electricity meter forms the most important liuk in the chain 
Gomiecting the supply station with the consumer, comparatively little has 
been written on the subject in this country. It is, therefore, hoped that the 
present work may supply what is wanting in this respect, and that some 
original matter may be found in the same, especially in connection with the 
limitations of three-wire meters, of single-phase meters for polyphase circuits, 
and the results obtained with polyphase meters incorrectly installed. 

For the sake of convenience, the meters described in this book are 
divided into three main classes — viz.. Continuous current, Induction, and Tariff 
meters — arranged in eight chapters, corresponding to the following eight sub- 
divisions : — Continuous current quantity meters : Continuous current energy 
motor meters (without iron in the field or armature): Continuous current 
energy meters of different types : Continuous current meters for special 
purposes (battery, switchboard, and tram-car meters) : Single-phase and poly- 
phase induction meters : Tariff and prepayment meters. The general prin- 
ciples involved are explained in three separate chapters, which precede the 
descriptions of the meters belonging to the three main classes as stated above. 

As the proper working of a meter depends on its mechanical as well as its 
electrical design, a special chapter is added in which the more important 
mechanical features of meter construction are pointed out, only the electrical 
details being given in the actual descriptions of the various types. A 
chapter on Testing, and an introductory chapter containing a few remarks 
relating to meters in general, are also included. 

After careful consideration, it was not deemed necessary to include an 
historical survey of the evolution of the electricity meter. The general 
design of electricity meters is at the present day fairly well established, the 
improvements being more a matter of detail and mainly of a mechanical 
nature, so that no purpose is served by giving descriptions of obsolete forms 
of meters, however ingenious their construction and interesting from a purely 
historical standpoint. With the exception of those meters which form the 
basis of present-day practice, the designs were on lines which are no longer 
followed. 

The main difficulty in writing a book of this description is the well-nigh 
impossibility of keeping absolutely up to date. The author has, however, 
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endeavoured to embody, as far as possible, the latest improvements* in the 
descriptions, and to include only those meters which are in commercial use in 
this country, on the Continent, and in America. It is not pretended that the 
list of such meters has been in any way exhausted, but it is trusted that a 
sufficient number of the .more important types has been given to enable the 
reader to become conversant with the methods adopted to obtain a reliable 
and accurate commercial meter for different purposes. 

No pains have been spared to make each chapter as comprehensive and 
complete as practicable within the scope of the book, and to separate the 
mathematical principles from the purely descriptive matter. The latter is 
not possible, however, in treating polyphase meters. 

Special attention has been devoted to the detailed proofs of the power 
absorbed m a polyphase circuit, as it is not easy to deduce from the 
instantaneous values the form of the equation for the power absorbed when 
the values of the currents and pressures are those actually measured. 

In conclusion, the author begs to thank the numerous manufacturers and 
engineers, both here and abroad, who kindly supplied him with information, 
drawings and blocks, and, in many cases, submitted samples of meters for 
inspection and testing. 

H. G. SOLOMON. 



6, Victoria Street, 
Wehtmin«tbr, S.W., January 1906. 
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ELECTEICITY METERS. 



CHAPTER 1. 

Introductory and General Remarks. 

Function of au Electricity Meter — Classifications of Meters — Importance of Meters — Some 
Requisites, of a Meter— Accuracy— Error Limits — Board of Trade Error Limits— Error 
Limits of the Physifcalisch-Technische Reichsanstalt, Germany — Permanency of 
Calibration — Guarantee— Series and Shunt Losses— Criterions of a Meter — Selection of a 
Meter— Capacity of a- Meter — Meters approved by the Board of Trade. 

Function of an Electricity Meter. — When a commodity is supplied to con- 
sumers for illuminating, heating, power, or other domestic purposes, it is 
necessary to accurately determine the amount of the commodity so used, and 
for this purpose measuring instruments, called meters, are installed on the con- 
sumers' premises. In the case of an electricity supply the commodity is 
electrical energy, and the meter is then termed an electricity meter, the 
function of which is to register the electrical energy which is used in a given 
time in any circuit in which flows a current of electricity. The meter does 
not necessarily measure electrical energy direct; it measures either this 
electrical magnitude or electrical quantity. 

In either case, however, it registers in terms of the supply unit of electrical 
energy. In other words, the difference between two readings of the scale, 
dials, or counter of the registering part of the meter gives, within certain error 
limits, the amount of the electrical energy consumed in a given period in 
terms of the supply unit, generally without the use of a multiplier, the two 
readings being taken at the commencement and termination of the period 
under consideration. The supply unit in this country is the Board of Trade 
(B.O.T.) unit, one B.O.T. unit being equal to one kilowatt-hour, or 1000 watt- 
hours. In France the hectowatt-hour is largely used (one hectowatt-hour equals 
100 watt-hours), and in Germany and America the unit is the kilowattrhour. 

Classifications of Meters. — According to the electrical magnitude to be 
measured, the instrument is termed an energy meter or a quantity meter. 

An energy meter is more usually spoken of as a watt-hour, and a quantity 
meter as an ampere-hour meter. 

As the unit of electrical energy in this country with reference to meter 
registrations is the kilowatt-hour, the term ^kilowatt-hour meter' is pre- 
ferable to the one ^wait-hour meter,' commonly used. 

The operation of an electricity meter depends on one or other of the well- 
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2 ELECTRICITY METERS. 

known thermal, chemical, and electro-magnetic properties of a current flowing 
in a conductor, and meters may be classified accordingly as thermal, electro- 
lytic, and electro-magnetic meters. The thermal principle Is, however, only 
used in meters for specific purposes, such as maximum demand indicators. 
An electrolytic meter is essentially ai> ampere-hour meter, and, from the nature 
of electrolytic action, can only be used for direct currents. Electro-magnetic 
meters may be variously divided into motor meters, in which a continuous 
rotation of the moving element of the meter is produced ; meters with inter- 
mittent integration ; clock meters, in which the pendulum of a clock is acted 
upon electro-magnetically ; and oscillating meters, in which an oscillatory 
motion is produced instead of one of rotation. In general, electro-magnetic 
meters may be used both on continuous and alternating current supply net- 
works, provided they contain no iron in the electro-magnetic system used in 
the meter to produce motion or influence motion already existing. There is, 
further, an important type of meter which is based on the principle of induc- 
tion, and which is only applicable to alternating currents. Electro-magnetic 
meters may measure ampere-hours or watt-hours, but induction meters, as a 
general rule, measure energy only. 

Although more meters based on the principle of intermittent integration 
have been devised than any other type, they are not used at the present day. 

For this reason they will not be described, with the exception of the inter- 
mittent meter manufactured by the Siemens-Schuckert Werke, who, however, 
supply this type mainly for special work, as a battery or switchboard meter. 
A description of it has been included in Chapter VI., dealing with continuous 
current meters for the registration of the outputs of lighting, power, and 
traction systems, the charge and discharge of batteries, and the energy used 
on tram-cars. The intermittent principle is used in the Merz maximum 
demand indicator and the Aron maximum demand instrument, which belong 
to the special class of tariff meters described in Chapter XII. An inter- 
mittent meter consists usually of any type of ammeter or wattmeter in com- 
bination with a clockwork mechanism, which integrates at intervals the 
deflections of the ammeter or wattmeter. 

With reference to the system of charging, meters may be distinguished as 
maximum demand indicators, two-rate, hour, and, finally, prepayment or 
automatic slot meters. Hour meters are not electricity meters, i.e. they do 
not measure any electrical magnitude, but register the hours during which 
current flows in an installation. They are mainly used in connection with 
special tariff systems, and in this respect fonn a most important adjunct to 
the ordinary electricity meter. In certain cases they take the place of the 
latter, when the load of the circuit is constant, or approximately so, and the 
units consumed are then simply found by multiplying the product of the 
known value of the current in amperes and the pressure in volts (both sup- 
posed constant) by the number of hours, as given by the hour meter, and 
dividing the result by 1000. An hour meter consists usually of a balance 
wheel clock with an integrating dial. The clock can only go when the 
balance wheel is freed on the passage of a current, and it stops when the 
current is interrupted. 

Importance of Meters. — The whole revenue of an electricity supply 
company or corporation, derived from the sale of electrical energy, is depend- 
ent on the use of electricity meters of some type or other. The great im- 
portance of the meter will be at once manifest, not only as regards its effect 
on the revenue of the supply company, but also from the point of view of the 
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consumer, who by its aid can at any moment ascertain how many units he 
has taken, and by multiplying this amount by the rate per unit, arrive at the 
cost of his electricity consumption. The meters installed in an electricity 
station enable the total energy generated to be accurately ascertained, from 
which the losses of the particular system are easily deduced. It is not 
sufficient to use meters on the main bus-bars only, but each feeder, whether 
supplying current for lighting, power, or traction, should be provided with its 
own electricity meter. Moreover, the feeder meters in the station should be 
comparable with those on the circuits controlled, i.e. they should all measure 
the same electrical magnitude. The sum of the readings in units of the 
house-service meters represents the total energy sold, whatever the system. 
The difference between the sum of the feeder meter readings and this total is 
taken to represent the losses which occur. When the supply is a continuous 
current one, at approximately constant pressure, ampere-hour meters are very 
extensively used. In this case, if the feeder meters measure watt-hours and 
the house-service meters measure electrical quantity but register in units, 
then this difference will not represent the true losses. Whatever the system, 
only energy meters should be used on the bus-bars, or in the generator circuits ;. 
the feeder meter should also be an energy meter, except in those cases where 
the circuits controlled by the feeder are supplied with ampere-hour meters, 
and then two meters in series should be used, the one measuring watt-hours 
and the other ampere-hours. It is most essential to be able to accurately 
determine the ratio of the units generated to the units sold, and this can only 
be satisfactorily ascertained by the aid of meters. Moreover, too many of 
these .measuring instruments cannot be used, and their readings should be 
systematically taken and recorded. 

Some BequiBites of a Meter. — An electricity meter is essentially a 
commercial apparatus, and is used by every station in large quantities. It 
has to be capable of often standing comparatively rough treatment, and at 
the same time must possess the accuracy of a laboratory instrument. The 
most important of the many requisites of a good commercial electricity meter 
are — accuracy; permanency of calibration; reliability of working, whatever 
the nature and magnitude of the load ; low internal losses ; independence of 
temperature variations, external mechanical and magnetic disturbances; 
absence of creeping, i.e. shunt running (this latter condition applies only to 
watt-hour meters) ; low starting current : and large overload capacity. 

A meter should, in addition, be light, portable, and of sound mechanical 
construction ; the importance of the latter cannot be over-estimated. 
Although it is a truism that the more simple a piece of apparatus, the more 
reliable it is, and the less likelihood there is of its becoming deranged, this 
is not a sufficient reason for condemning a meter the internal arrangement of 
which may be complicated, provided that the greater complexity ensure 
greater accuracy and reliability and wider range, other conditions remaining 
unaltered, and the cost be not materially increased. The advantage of the same 
meter being suitable for both alteniating and direct current is one which, at 
the present day, is of very little value, as continuous current commutator 
motor meters, without iron in the field or armature, are no longer employed 
for the registration of electrical energy in alternating current circuits, having 
been superseded by the induction motor meter. Continuous current meters 
of the commutator type are in many instances still working on alternating 
current circuits, chiefly in mixed supply systems ; but even in this case, as 
they become faulty, they are replaced by induction meters. 
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In connection with induction meters, it is most important that they should 
be adjusted to read correctly on reasonable power factors. For ordinary 
practical purposes a limit should be imposed to the power factor of an alter- 
nating current circuit, and should not be lower than 0'5. It is also requisite 
that all current-carrying parts of a meter should be highly insulated from one 
another and from earth. The constant of an energy meter should not be 
appreciably altered by voltage fluctuations not exceeding 10 per cent, below 
or above the normal pressure. In the case of an alternating current energy 
meter the constant is, in addition, dependent on the frequency of the supply 
current, and it should not be appreciably altered by a ten per cent, increase 
or decrease in the normal periodicity of the circuit. 

Whatever the merits of the electrical design of a meter, unless it be 
efficiently protected against mechanical damage, and from the access of dust, 
moisture, and insects, it will rapidly deteriorate. A meter should be as cheap 
as is compatible with the production of a reliable commercial instrument 
having a high degree of accuracy. 

Accuracy. — It is most essential that a meter should be accurate, so that 
its registrations should represent, within reasonably small error limits, the 
actual units consumed. The same degree of accuracy cannot, however, be 
expected throughout its entire range. The accuracy obtainable depends on 
a number of factors, such as the electrical design, the precautions taken to 
eliminate as far as practicable the disturbing influences inherent to the 
different types, the principle of working of the meter, and the cost of manu- 
facture. In electrolytic meters of the shunted type, the causes which adversely 
affect the meter are — back E.M.F., a varying ratio between the shunt and 
cell circuit resistances, temperature variations, the formation of crystals, and 
the degree of purity of the electrolyte used. In motor meters the accuracy 
depends on the driving torque exerted by the electrical system on the moving 
element, friction (solid, or both solid and liquid), temperature variations,* 
and the constancy of the permanent magnets used, if any. 

In a motor meter, the moving element, the armature, is rotated by means 
of the driving torque (turning moment) exerted on it by the electrical system 
used, and the speed of the armature should be proportional to the power or 
current, according as the meter is of the watt-hour or ampere-hour type. 
This result is obtained by combining with the motor a suitable brake system, 
which in general consists of the well-known magnetic brake, the retarding 
torque of which is proportional to the speed. The magnetic brake consists 
of a disc which is rotated in the magnetic field produced by a permanent 
magnet. The motor meter may then be regarded as a motor generator, the 
generator being a magneto-dynamo with a short-circuited armature. The 
work the motor does consists in driving the short-circuited dynamo and the 
integrating mechanism, and in overcoming the frictional resistances to motion. 
In the case of the perfect meter the whole work done by the motor is 
absorbed by the dynamo, or magnetic brake, in which case a direct ratio 
exists between the speed and the power, or current, throughout the range 
of the meter. 

The driving torque, which depends on the design of the electrical system 
used, should be made as high as possible, permitting a heavy magnetic 
drag, so that the work absorbed in overcoming friction is, by comparison, 

* For alterations in the constants of meters due to variation in temperature, see G. W. D. 
Ricks, British Association^ 1896, and Hooper, Electrical World (N.Y.), vol. xxi. p. 384, 
1898. 
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negligibly small. The niaximuin effect is aimed at with the least expenditure 
of power in the meter itself, and especially as regards the waste of power in 
the pressure circuit of an energy meter. In a commercial meter the straight 
line law is not obtained on accoimt of friction, which, moreover, is not constant, 
but is of a variable nature at light loads, at which its effect is mainly felt. 
Various devices are used to render the disturbing influence of friction negli- 
gible, and most of these are enumerated in the descriptions given of the meters. 
In the case of a watt-hour meter the driving torque depends on the practi- 
cally constant shunt field, produced by the pressure ampere-turns of the 
meter, and on the main current field. There is, to a great extent, a 
limit imposed on the driving torque, from considerations of cost and shunt 
losses, and this should be borne in mind in connection with the unneces- 
sarily high accuracies sometimes demanded in specifications, as this entails 
an increase in the cost of manufacture. The accuracy demanded should 
also not cover the whole range of the meter, but be specified between 
certain limits only, as this would greatly reduce the cost and simplify the 
meter. 

Error Limits. — In specifications for electricity meters it is usual, with 
reference to the accuracy, to fix a definite limit of error which is not to be 
exceeded between definite limits of load. The most general error limit is 
± 2 J per cent, i.e. the meter is required to read correctly within ± 2 J per 
cent, from ^^ up to full load, and its error must not exceed ± 5 per cent, at 
^jj full load. In some cases, however, the dial registrations are specified to 
be within ±2J per cent, of absolute accuracy at all points above ^j^ full 
load. The latter condition is far too stringent, and should not be demanded. 
The size of a meter is also not always taken into account in fixing these error 
limits, which is obviously wrong. Higher degrees of accuracy are obtainable, 
but at present only at a considerable increase in the cost of the meter, and 
for this reason are quite unjustifiable, as anything which tends to raise the 
cost of supply must react adversely on the whole electrical industry. It 
should only be necessary for a meter to be accurate within reasonable error 
limits. For an interpretation of the word * reasonable ' may be cited the 
requirements as to accuracy at present (June 1905) made by the Board of 
Trade, first in respect to meters submitted to that authority for approval 
under clause 50 of the Electric Lighting Act, 1899 ; and second, to meters 
tested by inspectors for certification. 

Meters submitted to the Board of Trade for approval of construction and 
pattern are examined and tested for compliance with the requirements of the 
Electrical Standards Laboratory. 

These requirements are liable to modification from time to time to meet new 
developments, and in the matter of accuracy are as follows : — 

Error Limits of an Electricity Meter for Board of Trade Approval. 

^* Meters in which the current for maximum load exceeds 3 ampere» should not have an 
error exceeding 2 per cent ( + or - ) at any point from one-tenth full load to full load. For 
meters in whicn the currents do not exceed 3 amperes, the variation from accuracy at any 
point from one- tenth load upwards must not exceed -f or - 8 j»er cent." 

A relaxation is, however, made by the Board of Trade with reference to 
the error limits for certified meters, as shown in their Rules dated 24th 
October 1903, an extract of which is given below : — 
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Rules for the Guidance of Electric In»pectora appointed hy the Board of 
Trade mth respect to tJie Certifying and Examination of Meiers. 

'* I. The In8{)ector should satisfy himself that a meter is of some construction and pattern 
and has been fixed and connected with the service lines in some manner approved by the 
Board of Trade. If the Inspector has reason to think that a meter does not comply with 
these conditions, he should take ste^M to ascertain whether the meter in question is in acoord- 
with the sealed specimen deposited with the Board of Trade. 

''II. A meter should be considered by the Ins^iector to be a correct meter if, being a meter 
intended for more than 3 amperes, the error at one- tenth of its full load and above this point 
does not exceed + or - 2^ ])er cent In the case of meters intended for currents not 
exceeding 3 am})eres, the error must not exceed + or - 3} i)er cent. 

" The Insjpector should generally satisfy himself as to the accuracy of the meter by testing 
at, say, 8 different loads, which may be taken at about I, J, and t of full load." 

Copies of the specifications and drawings of any meter approved since 
June 1900 can be obtained by electric inspectors from the Board of Trade 
Electrical Standards Laboratory, 8 Richmond Terrace, Whitehall, London, 
S.W., on payment of the cost of reproduction. 

It may be of interest to give here the limits of error prescribed, according 
to the (Grerman law of 1st June 1898, by the Physikalisch-Technische Reich- 
sanstalt, Charlottenburg, Germany, with reference to meters. A difference is 
made between the errors of meters for approval and of meters for commercial 
use, and with reference to the latter these limits are defined as follows : — 

Direct Current Meters. — Between full load and one-tenth full load the 
error must not exceed y^iy of the maximum capacity of the meter, plus 
jixf of the particular IcmmI at which the meter is used, and at ^ full load 
the error must not exceed ^^^ of full load. For meters which are used in 
lighting installations, these definitions only apply when the load is not less 
than 30 watts. 

During times of no load it is prescribed that the meter shall not run back- 
wards or forwards at a rate exceeding ttJv of the speed corresponding to 
full load. 

Alternating and Polyphase Meters. — The definitions given above also apply 
in this case, with the restriction, however, that when a phase difference exists 
between the voltage and the current, the error, as defined alwve, must be 
expressed in hundredths of the load at which the meter is used, and to the 
number thus obtained in hundredths must he added double the tangent of 
the angle of phase displacement. By the angle of phase displacement is to be 
understood, that angle the cosine of which is equal to the power factor. All 
magnitudes used in estimating errors are to be taken with the same sign. 

With reference to meters for approval, it is prescribed that the errors 
must be within half the limits as stated for meters for commercial use. With 
alternating current meters, however, the whole of the additional error (2 tan ^) 
is reckoned, <f> being the phase difference between the pressure and the current. 
The above error limits, expressed in percentages of the load at which the 
meter is used, are, for direct current meters for commercial use, as follows : — 
+ or - 6-6% at full load, + or - 6-8% at f load, + or - 7-2% at | load, 
+ or - 8-4% at \ load, + or - 12% at yV ^oad. 

For alternating current meters for commercial use these errors are all 
increased by 2 tan <f>, e.g. at full load the error must not exceed + or - 
(6-6% + 2 tan <f>). An approved meter, on the other hand, at full load must 
not have a greater variation from accuracy tlian + or - 3*3%, if for direct 
current, and + or - (3*3% + 2 tan <f>\ if for alternating current, and so on 
for the other loads. 
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In this country no difference in the error limits is made in the case of 
alternating current meters for loads which contain self-induction or capacity. 
The error limit for any particular inductive load is easily obtained. This is 
best illustrated by a couple of examples. When the maximum current is 
flowing in a circuit of power factor equal to one-half (cos ^ = '5), the inductive 
load (w. c. cos ^) corresponds to one-half of the maximum load when the 
current and pressure are in phase. The error limit is in this case the same 
as that for one-half of full load when the power factor is unity. If, on the 
other hand, the current be under one-fifth of the maximum, the power factor 
being the same, then the inductive load corresponds to one less than one-tenth 
of full non-inductive load, and the error should not exceed, say, -h or - 5%. 
It should be borne in mind that the percentage error of a meter is the per- 
centage difference in the loacl as indicated by the meter and the true load, the 
load (v. c, cos <l>) being quite generally the product of the volts, amperes, and 
power factor. When the power factor is unity, the load is simply the product 
of the current and the ' pressure. If, in addition, the pressure be constant 
(i.e. V is constant and cos ^ = 1), then the terms 'load' and 'current' become 
synonymous, but in no other case. 

Pemianency of Calibration. — There are many agencies at work which 
tend to increase the inaccuracies of a meter in use, and in the case of 
motor meters they are — loss in magnetism of- the permanent magnets, unless 
properly aged ; bearing friction ; friction of the integrating train, and of the 
gear connecting it with the meter axle ; brush friction in commutator meters ; 
fluid friction in mercury motor meters; temperature variations and, in the 
case of energy meters, the charring of the shunt coils, with a consequent 
increase in their electrical resistance, producing a diminished shunt field, and 
with it a smaller driving torque. The importance of the proper ageing and 
construction of the permanent magnets, and also their position in relation to 
the driving system of the meter, cannot be over-estimated. Mr G. Hookliam, 
in his paper on "Permanent Magnet Circuits,"* showed the possibility of 
constructing magnets in which a considerable and permanent residual induc- 
tion might be obtained, and pointed out the importance of the length of a 
magnet with reference to its cross section to obtain permanency. 

The vital uecessitj'^ that a so-called permanent magnet should retain its 
magnetic field imimpaired indefinitely will be readily grasped when it is 
remembered that the resisting torque exerted on the disc which rotates 
between the pole- pieces of the pennanent magnet, forming the usual magnetic 
brake, varies as the square of the magnetic induction in the air-gap between 
the poles. The retarding torque t may be expressed mathematically as 

T = K. B2. r2. o), 

where B is the induction density, w is the angular velocity of the brake disc, 
r is the radial distance from the axle of the brake disc to the poles, and K is a 
constant, depending on the shape of the polar area, the dimensions of the air- 
gap, and the conductivity of the brake disc. A slight loss in the strength of 
the magnetic field of the permanent magnet will, therefore, produce a very 
considerable diminution in the retarding torque, an increase in the speed 
of the armature, and the meter will read high. The retentivity of the 
permanent magnet should also not be aflTected by the passage of a short- 

* Philosophical Magazine, Feb. 1888 ; also Electrical Revieic, vol. xxxrii. p. 476. 
t "A Frictionle&s ' Motor Meter,*' by S. Everehod, Jour. Proe, Inst. El, Eng., part 
146, vol. xzi. 
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circuit current through the meter. The abnormal magnetic flux which 
emanates from the series coils during a short-circuit, and the subsequent 
rapid rate of change which takes place in the density of this field after the 
fuse has blown, is sufficient to render unaged magnets unfit for further use, 
and the accuracy of the meter is destroyed. Another feature which lends 
much to the immunity of the permanent magnets, from the weakening 
effects of the main current flux, is to place them so that their greatest length 
or path of permanent flux is at right angles to the magnetic axis of the series 
coils. This result was experimentally discovered by Mr T. Dimcan, of 
America,*^ some years ago. In many cases permanent magnets are further 
protected from the effects of the series coils by means of iron shields separating 
them from the electrical element of the meter. 

The general method of adjusting the speed of the motor meter having a 
magnetic brake is to alter the position of the brake magnet relatively to the 
brake disc, the brake magnet being suitably mounted for this purpose. The 
adjustment is made by moving the magnet either nearer to or further away 
from the axis of the disc. It was shown above that the brake torque is 
proportional to the square of the radial distance from the axis to the poles of 
the magnet, and consequently it is most essential, after an adjustment has 
been made, that the magnet be very firmly secured, so that its position 
remain unaltered during transit, and be not affected by temperature 
variations. The best method of adjustment is not to alter the position of the 
magnet at all, but to shunt some of the field of the air-gap of the magnet 
through an alternative path, and by increasing or decreasing the magnetic 
reluctance of this alternative magnetic circuit, the brake field will be increased 
and the speed of the meter decreased, or the brake field will be weakened, 
and the speed correspondingly increased. This or an analogous method is 
used in some meters, and the small iron screws, by means of which the brake 
field is altered, can be securely locked, so that their position is invariable 
after the adjustment is complete. * 

The greatest wear in a motor meter, without a commutator, is in 
connection with the jewel bearing which supports the revolving element. 
Friction at the bearings does not remain constant, but tends to increase with 
the prolonged use of the meter. It is largely affected by the character of the 
installation in which the meter is fixed, i.e. the presence or absence of 
vibration, dirt, moisture, and insects. Too much attention cannot be be- 
stowed upon the proper apportionment of the weight of the revolving element 
and the supporting jewel bearing, which shoidd in every case be flexibly 
supported. 

In the case of commutator motor meters, the main source of trouble is the 
friction which occurs at the brushes on the commutator. Various devices are 
used to eliminate this error, a few of which will be found in the descriptive 
chapters dealing with this type of meter. The commutator sliould not be 
liable to tarnish, and its surface must always be kept clean and bright. This 
part of the meter should therefore be readily accessible to supervision 
without having to remove the main meter cover. Mainly with the view to 
eliminating brush friction, mercury motor meters are used, in which case the 
mercury serves to conduct the current to and from the revolving armature, 
which in this case usually consists of a copper disc, immersed in the mercury 
bath. In the old type of Ferranti meter the mercury constitutes the 
armature itself ; the company, however, use a copper disc in their new type. 
* American Patent, No. 650823, 1895. 
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The friction of the mercury has to be compensated for at high loads, as 
otherwise its increase in friction in this region introduces errors. In the 
Ferranti meter, in which the mercury acts as the armature, the friction of the 
mercury is used to produce the retarding couple on a light fan which is 
immersed in the mercury bath. With this meter, which is of the ampere- 
hour type, the driving torque is proportional to the square of the current, and 
the resisting torque of fluid friction is proportional to the square of the 
speed, so that, neglecting other disturbing influences, when balance occurs the 
speed is proportional to the current. The remaining source of friction in 
motor meters is in the gear connecting the meter axle with the integrating 
train, and in the train itself. The wheels, pinions, and gears should all be 
very carefully constructed and aligned, so that the error they introduce is 
reduced to a minimtun and is not of a variable nature. Further, it is 
important that the worm on the meter axle should be made of suitable 
alloy, so that in damp situations it does not rust, and so impair the correct 
working of the meter. 

Besides the brake magnets, there are other parts of the meter which have 
to be adjusted, and the adjustments consist in the alteration of the position 
of a sliding connector, a small piece of iron, or some other support. It is of the 
highest importance that all such regulating devices should be so secured that, 
after having been finally set, their position should be invariable and unaffected 
by any disturbing influences during transit, installation, or use. In fact all 
adjustments should be permanently sealed as well as the main meter cover. 

Guarantee. — A meter is usually guaranteed by the manufacturer for an 
average period of one year. The author, however, would recommend meter 
makers to extend this period and give a three years' guarantee, provided that 
they be allowed to permanently seal their meters, and that the guarantee should 
terminate on the seals being broken. In such a case, if a meter should be 
found to register incorrectly after it has been properly tested at the station, 
or after its installation in a consumer's premises, it would be at once returned 
to the manufacturer, who would either replace it or repair it, defraying all 
costs. He would in this manner be able to ascertain exactly the cause of the 
improper working of the meter, find out the weak features of the particular 
type, and effectually remove them. It is, however, quite impossible for him 
to arrive at the root of any trouble, if the meter cover have been previously 
removed and the adjustments in any way interfered with. If faults should 
develop in a meter after the expiration of the guarantee period, meter manu- 
facturers would doubtless be prepared, at a reasonable charge, to repair the 
meter or exchange it, and renew the guarantee. This should result in not 
only effecting improvements in meters, but also in materially reducing the 
charges for maintenance and repairs of the meter department of a station. It 
certainly seems inadvisable for a central station to undertake the maim- 
facture or semi-manufacture of meters, with its attendant expense and 
restrictions. The station should, however, be provided with a highly efficient 
testing equipment, and the whole attention of the meter staff should be 
directed to the systematic testing of meters and all measuring instruments 
in the station, the periodic testing and supervision of meters in situ, and the 
checking of meter readings and meter accounts. 

Series and Shunt Losses. — The current flowing in the series circuit of a 
meter produces a drop in voltage, which causes a diminution of the pressure 
across the circuit beyond the point of connection of the meter, and power is 
also wasted. The scries loss is generally small, and should not exceed 6 watts, 
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with a greater drop than 1 volt at full load in a 5-ampere meter, and be 
negligibly small in the larger sizes. This waste of power and drop in voltage 
only occur when current flows in the particular installation, and both reach a 
maximum when the current taken is a maximum. The drop is the most 
important loss in the series circuit, as it reduces the voltage across the con- 
sumer's lamps. 

The series loss is borne by the consumer, and not by the station. If V be 
the supply voltage across the consumer's circuit in fi'ont of the meter, and A 
be the full load current, supposed constant during n hours, then, assuming no 

errors in the meter, the reading will give ' * units as the energy consumed 

under these conditions. If t? be the drop in the meter, then the consumer 

actually uses ^ - ~ ^' — units, as the pressure across his circuit beyond 

V A n 

the meter is (V-v) volts. He therefore pays for -' '- units, but only 

consumes — v^a^a -' units. Moreover, owing to the drop in pressure, the 

candle-power of his lamps is largely reduced. He therefore suffers loss in 
two directions. 

In an energy meter power is wasted both in the main current and in the 
pressure current circuits. The most important loss is that occurring in the 
pressure circuit, and is entirely borne by the station. It represents a very 
considerable annual loss in revenue, as this waste is continuous whether current 
be taken or not. Assuming as low a shunt loss as 1 watt per 200 volts, the 
annual loss to the station per meter is 8*76 B.O.T. luiits ; and, on the other 
hand, with a loss in the shunt of 10 watts per 200 volts, the annual loss 
per meter would be 87*6 B.O.T. units. It is highly important, therefore, that 
these shunt losses should be small, especially in connection with the supply 
of current to very small consumers, who at the most have only two or three 
16 c.p. lamps burning at a time. 

It nmy be as well to point out here that the connections between the 
pressure and the current circuits in an energy meter should be made on the 
supply side of the current terminals, so that it is impossible for the shunt loss 
to be registered by the meter. The connections should also be easily accessible, 
to permit separation of the pressure and current circuits for testing. 

Oriterions of a Meter. — The driving torque, weight of the revolving element, 
friction, and the shunt losses at a definite voltage (the latter in the case of an 
energy meter) are all so intimately connected and dependent on one another, 
that the figures relating to these quantities should, wherever possible, be 
always given together. In general the weight of the revolving element gives 
a very approximate idea of the bearing friction, which is proportional to the 
weight on the pivot. 

A high driving torque is very desirable, but does not, per ae, give any 
indication as to the probable behaviour or possible permanence of performance 
of a meter. To gain an idea of how a meter will probably fiuiction in service, 
it is necessary to know the values of the torque, weight, and frictional retarding 
torque. 

A high driving torque can be obtained by increasing the weight of the mov- 
ing element. This method is not very satisfactory in operation, as the meter 
is less responsive to small differences in the current flowing in the circuit 



INTRODUCTORY AND GENERAL REMARKS. 11 

than one which has an equal ratio of torque to weight, but a lighter revolving 
element ; bearing friction and the wear on the jewel are also increased. 

On the other hand, the weight of the revolving element must not be made 
too light, as a sudden heavy increase in the current may twist it, and cause 
excessive hammering on the jewel. The real determining , factor in the satis- 
factory operation of a meter is a high ratio of driving torque to weight. 

The ratio of the driving to the frictional retarding torque and that of the 
driving torque to the weight should be as large as possible, as then variations 
and increases in friction, which cimnot be completely excluded when a meter 
is in use, become of relatively small value in affecting the working of the 
meter. On account of the stability and rigidity of the moving element and 
the cost of the meter, these factors cannot, however, be carried beyond certain 
limits. A high ratio between the driving torque and weight can, moreover, be 
obtained when both the figures relating to each of these quantities are small, 
so that two meters having totally different driving torques and weights may 
give the same ratio ; and without the actual figures of the torques, weights, 
etc., it is not possible to say which is the better meter of the two. 

In the accompanying three tables (I.-III.) some average figures are given of 
the driving torque in millimetre-grammes; the weight of the revolving 
element in grammes ; the ratio of the driving torque to weight, i,e, the driv- 
ing torque per unit weight of revolving element ; the full load speed in revolu- 
tions per minute ; the shunt loss in watts and the annual shunt loss in Board 
of Trswle units of a few meters in commercial use. In connection with the 
mercury motor meters, the ratio of the driving torque to the weight of the 
rev^olving element is not comparable with this ratio of the other types, as in 
mercury motor meters the weight of the revolving part does not represent 
the pressure on the jewel bearing. The series loss, although important, is not 
given in the tables, as it varies with the load, reaching a maximum at full 
load. The annual loss in the series circuit of a meter could therefore only 
be given by assuming an average load throughout the year, so that the total 
annual loss due to both the series and shimt circuits would only be approxi- 
mate, and not of very much value. The annual loss of energy in the shunt of 
a meter can, however, be definitely stated, as the power wasted in the shunt 
is practically invariable ; moreover, the B.O.T. units wasted in the pressure 
circuit represent the actual loss to the supply station. 

Selection of a Meter. — The selection of a meter depends on a variety of 
factors, such as local conditions, the nature of the supply current, whether 
continuous or alternating, the voltage, the function of the meter, the class of 
consumer, price, giiarantee, shunt losses, and probable cost of maintenance and 
repairs. In the case of a continuous current supply at approximately con- 
stant pressure, from considerations of initial capital outlay, the annual loss in 
the pressure circuit of an energy meter, maintenance, depreciation and interest 
charges, the ampere-hour meter is decidedly to be preferred to the watt-hour 
type, especially in the case of small consumers, whose actual bill may not be 
a very large one, but who are amongst the most profitable class of consumers 
to a supply station. The ampere-hour meter does not actually measure what 
the consumer pays for, namely, electrical energy, but is calibrated to register 
the units consumed at the declared voltage of supply, on the assumption that 
this voltage is kept constant. It is unaffected by voltage variations, so that, 
if the pressure across the circuit to which it is connected be above the declared 
value, a loss of units is incurred due to its use. It is, however, incorrect to 
draw from this the inference that a station using ampere-hour meters will 
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necessarily suffer a loss of revenue, because the voltage is, in general, some 2 
per cent, above its normal value at the feeding points in the distributing 
system. Some circuits will liave their voltage above the normal, and with 
ampere-hour meters there will be a loss ; others will be at the correct voltage, 
and there will be neither loss nor gain ; on the other hand, there will be, again, 
other circuits across which the voltage will be below its right value, so that in 
this case there will be a distinct gain. On the whole, in a well-designed system 
of distribution a very fair balance will be obtained, and the disadvantage of 
the ampere-hour meter in this respect is more apparent than real ; in fact, it 
may be a source of gain. The loss or gain, according as the voltage is high or 
low, is readily estimated. If the ampere-hour meter register U units in the 
year, on the assumption that the voltage V is constant, whereas it is always 
2 per cent, above this value, then the loss to the station is •02V x\J xd, where 
d is the selling price per unit. If the voltage be low instead of high, and by 
the same amount, €his result will represent the gain to the station. 

The question to be decided with ampere-hour meters is whether they shall 
be of the electrolytic or motor type. Electrolytic meters have the advantage 
of being cheaper than motor meters, but they certainly require more attention, 
as they have to be either re-set or re-filled after definite periods ; they are more 
or less immechanical, and do not comply with the general conditions of practice 
so satisfactorily as a well-designed motor meter. 

Clock meters register correctly, however small the current may be ; they 
have a wide range and a high degree of accuracy, but are expensive and some- 
what complicated. For special purposes they are particularly well adapted, 
and the three-wire type correctly measures the energy taken in a three-wire 
direct current or single-phase alternating current network, whatever the dis- 
tribution and nature of the loads on the two sides of the system. This is not 
the case with the ordinary three-wire energy motor meter, which correctly 
registers the energy in such a system under certain conditions only. 

When the supply is an alternating current, the meter used invariably 
measures electrical energy, and the relative shunt losses play a* very important 
part in the selection of the meter, besides its actual cost. The performance 
of the meter on inductive loads is one which also must not be lost sight of, 
especially if in the circuits a phase displacement between the current and the 
pressure be likely to occur. In fact, all meters intended for alternating 
current supply circuits should be suitable for inductive loads, whether the 
loads be so or not. As already mentioned, the meters for such circuits are on 
the induction principle, and only these should be used, on account of their 
simplicity, ease of adjustment, low cost and low shunt losses relatively to 
commutator motor meters without iron, their considerably smaller frictional 
resistances to motion, the total elimination of brush friction and commutators, 
or rubbing contacts of any description, and the absence of any current from 
the supply circuit in the revolving armature, which is simply a disc or 
cylinder of aluminium or copper. 

Capacity of a Meter. — The capacity of a meter is generally dependent on 
the maximum capacity of the installation in which it is placed. It seems, 
however, advisable to use meters having a smaller capacity than the maximum 
of the circuits it controls, and to have a relatively large overload capacity, 
the degree of which varies with the nature of the load of the particular circuit 
to which the meter is connected. As a general rule, a house-service meter 
works mostly in the region of 20 to 30 per cent, of full load, and is, there- 
fore, not working at the best part of its curve, as, usually, the least error 
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occurs between half and full load. The full load of an electric lighting 
installation in a private house is only taken on special occasions, which are 
not of frequent occurrence, so that, if the capacity of the meter be, in such a 
case, made to correspond to half the maximum number of lamps installed, and 
be capable of carrying a large overload current for short periods, it would be 
much more efficient, w^ould probably cost less, and would be mainly operating 
near its full load capacity. The meter should, consequently, be less dependent 
on the variable nature of friction at low loads, and start better when only one 
or two lamps are switched into circuit. 

A meter should, with reference to its starting current, register with 
certainty the minimum load of the circuit to which it is connected. 

Meters approved by the Board of Trade.— Of the large number of 
different types of meters in commercial use, only a very few have received Board 
of Trade approval. All such approvals are published in the Official Gazette 
immediately after intimation to the manufacturers, and below are given, in 
chronological order, in the three tables IV.-VI., the approvals which have 
been given up to the time of going to press. 

Table IV. — Continuous Currbnt Meters approved 
BY THE Board of Trade. 



Day. 


Month. 
Oct. 


Year 


9 


1896 


9 


Oct. 


1896 


26 


July 


1898 


25 


July 


1900 


24 


Sept. 


1901 


19 


Feb. 


1902 


22 


May 


1902 


15 


May 


11)03 


28 


May 


1903 


14 


Feb. 


1905 



Name. 



Hookhaui 
Ferranti 

Aron 

Bastian 

Schattner 

O'K. 
Hookhaui 

Elihu Thomson 

Wright 

Bastian **N*' 
Typo 



Comi>any. 



Remarks. 



Chamberlain k 
Hookham 

Ferranti, Ltd 



Aron Electricity 
Meter, Ltd. 

The Bastian Meter 
Co. 

Engineering In- 
struments, Ltd. 



The British Thom- 
son-Houston Co. 

Chamberlain k 
Hookham 



The British Thom- 
son-Houston Co. 

The Reason Manu- 
facturing Co. 

The Bastian Meter 
Co. 



Ampere-hoar mercury motor 
meter. Disc armature. 

Ampere-hour mercury motor 
meter. Mercury constitutes 
aimature. Brake consists 
of fan in mercury. 

Watt -hour clock meter. 



Water electrolytic meter. 



Prepayment continuous cur- 
rent ampere-hour meter. 
Abandoned. 

Ampere-hour motor meter. 



Ampere-hour mercury motor 
meter. Cylindrical aima- 
ture. 

Watt-hour motor meter. 
Type A. 

Mercury electrolytic meter. 
Water electrolytic meter. 
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Table V. — Alternating Current Meters approved 
BY THE Board of Trade. 



Day. 


Month. 


Year. 


Name. 


Company. 


Remarks. 


8 


Oct. 


1891 


Shallenberger 


The British West- 


Ampere-hour induction meter. 
Abandoned in this country. 










inghouse Co. 


23 


March 


1899 


Aron 


The Aron Elec- 
tricity Meter, 
Ltd. 


Clock meter. 


12 


July 


1899 


Aron 


Do. 


For two-phase or three-phase 
circuits. Clock meter. 


17 May 


1901 


Shallenberger 


The British West- 
inghouse Co. 


Abandoned in this country. 


24 Sept. 


1902 


Westinghouskj 
Stanley 


Do. 


Watt-hour induction meter. 


8 March 


1904 


Do. 


Watt-hour induction meter. 


1 








Replaced in this country 


1 








by Westinghouse meter. 


12 ; May 


1904 


Ferranti- 
Hamilton 


Ferranti, Ltd. 


Watt-hour induction meter. 


27 1 Feb. 

i 


1905 


K.J. 


The Electrical Co., 
Ltd. 


Watt-hour induction meter. 



Table VL — Maximum Demand Indicators approved 
BY THE Board op Trade. 



Day. 


Month. 


Year. 

1908 


9 


July 


8 


June 


1904 

1 



Name. 



Company. 



Remarks. 



Atkinson- ; Engineering In- I Basedontbeelectro-magnetio 



Schattner 
Wright 



struments, Ltd. 
The Reason Manu- 
facturing Co. 



principle. 
Based on the 
principle. 



thermal I 



CHAPTER 11. 

GENEEAL PEINGIPLES OF GONTINTTOIIS GTJBBENT METEBS. 

General Equations — Law of the Chemical Meter— Electro-magnetic Action — Lavs of the 
Motor Meter with Brake— Law of the Motor Meter without Brake— Law of the Clock 
Meter— Thermal Effect— Behaviour of Continuous. Current Three-wire Energy Motor 
Meters. 

General Equations. — The electrical energy delivered to a circuit during 
any given interval of time is expressed by the general equation 

E^jcv.dt, (1), 

Ti 

where c and v are respectively the instantaneous values of the current flowmg 
in the circuit and the potential difference applied to its terminals, T^ and Tj 
denoting the commencement and termination of the period under consideration, 
and dt is the short interval during which the power, c.v is supposed to 
remain constant. If c be the value of the current in amperes, v be the 
pressure expressed in volts, and the hour be taken as the unit of time, then 
the electrical energy is expressed in watt-hours. 

The function of an electricity meter is to register the electrical enei^gy 
consumed in a given period, and a meter that performs the operation expressed 
on the right-hand side of equation (1) is called an energy meter, or more 
usually a watt-hour meter. In some instances these instruments are still 
erroneously termed recording wattmeters. A recording wattmeter does not 
measure energy, t.e. does not integrate the values of cv.dty but measures 
power, and traces out on record paper, mounted on a continuously revolving 
drum, a curve, the ordinates of which represent the values of the power 
supplied to the circuit. 

In electricity supply systems in which the supply pressure is kept 
practically constant, i? is a constant, and the general equation may be written 

E = vjc.dt, (2). 

Ti 

An electricity meter in this case does not integrate the different values of the 
energy, but simply the quantities of electricity in ampere-hours ; in other 

words, it performs the operation / cdt, and is then called a quantity or an 

Ti 

ampere-hour meter. A quantity meter is sometimes designated a coulomb 
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meter. The term * coulomb meter' should, however, not be used in this 
sense, as the coulomb represents one ampere-second, whereas in quantity 
meters the unit of quantity is the ampere-hour. 

Quantity meters are usually calibrated so that their indications are in 
watt-hours, hectowatt-hours, or kilowatt-hours at the voltage of the circuit to 
which they are connected. 

If both c and v be constant, that is, the power taken be always the same, 
then 

E = v.c,\ 



or E 



jdf, 

T, 

= WJ^^ (3), 



W being the power in watts. For this purpose hour-meters are used, which 
consist of clocks electrically controlled, whose function is to register the time 
in hours during which current has been flowing in the circuit. 
If the current c remain constant, then equation (1) becomes 



E 



= c|y.c?^ (4). 



A meter which measures the quantity expressed under the integral is termed 
a volt-hour meter. 

The above equations hold for both continuous and alternating current, 
provided that c and v represent the instantaneous values of the current and 
pressure. In a continuous current system the instantaneous values are 
identical with the effective values, as measured by an ammeter and voltmeter. 
This is, however, not the case with alternating currents, as both the current 
and the voltage are periodic functions, and in general sine functions of the 
time, varying in a cyclic manner both in sense and magnitude, and are also 
not necessarily in phase with one another. If in an alternating current 
system c and v denote the effective or virtual values (the virtual value is 
the square root of the mean of the squares of the values during half a period) 
of the current and pressure as given by an alternating current ammeter and 
voltmeter, and ^ be the phase displacement between c and v\ then the power 
is c\v, cos ^, cos <^ being the power factor of the circuit. Equation (1) then 
becomes 

E= /cV.co8<^^ .... (5), 

Ti 

and the other equations are modified in a similar manner. 

Law of the Chemical Meter. — Either the chemical, electro-magnetic, or 
thermal action of a current is utilised in the construction of meters. An 
electrolytic meter depends on the chemical action of a current of electricity, ^ 
and is essentially a quantity meter. It follows, from the nature of electrolytic ) 
action, that such a meter can only be used for direct currents. When a / 
current of electricity passes through certain liquids, such as dilute acids and / 
solutions of metallic salts, chemical decomposition takes place. V 

The current enters the electrolytic cell by the one conductor, the anode, \ 
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and leaves it by the other conductor, the cathode, the electro-potjitive elements 
of the electrolyte being deposited at the cathode and the electro-negative 
elements at the anode. The amount of electrolytic decomposition, i.e. the 
amount of metal deposited or of gas evolved, depends on three factors, i.e. 
the strength of the current, the time-interval during which the current flow 
lasts, and the nature of the electrolyte, or the electro-chemical equivalent of 
the substance liberated. 



Expressed mathematically, 



M = 2 / cdt , 



(6), 



where M denotes in grammes the amount of metal or gas set free in T^ - T| 
hours, Z is the electro-chemical equivalent expressed in grammes per ampere- 
hour, and c is the current in amperes, supposed constant during the small 
interval of time dt 



From (6) {c,dt = ^, 



or, the ampere-hours are proportional to the amount in grammes of the 
electrolytic deposit. The electro-chemical equivalent in grammes per ampere- 
hour of water is '3356, of mercury from a mercurous salt 7*466, of zinc 1*213, 
and of copper from a cupric solution 11 78. Thus 3*36 grammes of water are 
decomposed per Board of Trade unit at 100 volts, and in a water-decomposing 
meter the whole current to be measured flows in general through the 
electrolytic cell. 

In the case of chemical meters in which the electrolyte consists of a 
solution of a metallic salt, only a small fi'action of the total current is used 
to effect the decomposition, as the amount of deposit would otherwise be 
excessively large, amounting per Board of Trade unit at 100 volts to 74*7 
grammes for mercury and 12*13 grammes for zinc. In a mercury electrolytic 
meter, the fluidity of the metiil is made use of for its measurement by volume 
instead of by weight. 

Electro-magnetic. Action. — The electro-magnetic effect of a current 
flowing in a conductor is the external action which it produces, and is due to 
the creation of a magnetic field in the medium surroundmg the conductor. A 
circuit conveying a current is acted upon by a magnet, or by an adjacent 
circuit traversed either by the same or a different current. This electro- 
d3rnamic action between currents, or between a current and a magnet, is 
utilised in meters to produce a rotational or oscillatory motion, and to 
influence an already moving system, such as a pendulum. In motor meters 
the motion is one of rotation, and results from the interaction of two magnetic 
fields, generated either by two current systems, the one stationary and the other 
movable, or by one movable current system and a fixed permanent magnet. 
In oscillatory and pendulum meters the same electro-dynamic principle is 
involved, but in tlie former the moving system oscillates, and in the latter the 
peri(xlic time of the peuduhnn is either increased or decreased. Such meters 
are at the present day used almost exclusively for direct currents, although, 
provided that they contain no iron, they are applicable to alternating current 
measurements. Alternating current meters are, however, based on the prin- 
ciple of induction, which is explained in Chapter VII. 
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Laws of the Motor Meter with Brake. — In watt-hour motor meters, 
the speed of rotation of which should be proportional to the power, the one 
magnetic field is due to the main current flowing in the circuit, and the other 
magnetic field is created by a current proportional to the supply pressure. 
The main current, which is the variable current to be measured, flows in one 
or two stationary coils, and the pressure current, which is approximately 
constant, traverses the revolving armature, having a commutator and brushes, 
the motor constituting an electro-dynamometer with a continuously revolving 
coil. 

In ampere-hour motor meters, the speed of rotation of which should be a 
measure of the current, the one field is variable, and is produced by the whole 
or a fractional part of the main current in the armature, and the other field is 
either fixed, and due to a permanent magnet, or it is variable with the 
current, and is created by a series electro-magnet. 

The turning moment, or driving torque, exerted on the armature is 
proportional to the product of the two magnetic fields. These two magnetic 
fields in a watt-hour motor meter are made dependent, the one on the main 
current, and the other on the pressure current, the latter being proportional 
to the supply voltage. In an ampere-hour motor meter, however, either the 
two magnetic fields are produced by the main current, or this current only 
gives rise to one magnetic field, and the other is then a fixed field, due to a 
permanent magnet. 

If C denote the main current in amperes and V the applied P.D. in volts, 
then for a watt-hour motor meter 

D = Ki.C.V, (7), 

for an ampere-hour motor meter with a permanent magnet 

D = K2.C, (8), 

and for an ampere-hour motor meter with a series electro-magnet 

D = K3.C^ (9). 

The speed of rotation must always be proportional to the power or the 
current, and each value of the electrical magnitude must correspond to 
a perfectly definite speed, which must not vary, provided the particular 
electrical quantity remains the same. This condition of no acceleration is 
satisfied when the armature is at rest, and for it to be fulfilled when motion 
ensues, or, in other words, to obtain steady motion, an opposing torque must be 
provided which will equilibrate the torque exerted by the electrical system 
producing motion. If T denote the resisting torque, then the condition for 
• steady motion is 

D-T = 0. 

The retarding torque of the brake system employed in the meter must 1^ an 
exactly similar function of the speed, as the driving torque is of the electrical 
magnitude. 

When steady motion has been established, if n denote the revolutions per 
minute of the armature when 

D = K,.C.V, then 
T = K>. 
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When D - K».C , then 

T = K>. 

»=^.C. 



And finally when D = K,.C« , 



then 



-Vk 



.0. 



Hence it follows that in energy meters the speed of rotation must always be 
proportional to the power, and in quantity meters to the currerUy so that the 
number of revolutions executed in a given time will be proportional to the 
energy or quantity of electricity delivered in that time. 

The retarding torque proportional to the speed is produced by the well- 
known magnetic brake, which consists usually of a light copper or aluminium 
disc, which rotates between the poles of a permanent magnet. Foucault or 
eddy currents are induced in the disc as it rotates in the magnetic field, and 
the interaction between these eddies and the magnet exerts the resisting 
torque, which varies directly as the speed of rotation multiplied by the square 
of the intensity of thjB field. When the driving torque varies as the square of 
the current, a retarding torque proportional to the square of the speed has to 
be employed, and for this purpose air or fluid friction is used, but the result 
obtained is, in general, not very satisfactory, as this law for fluid friction 
holds within certain limits only, and the driving torque falls ofl* much more 
rapidly than the current. 

In a watt-hour motor meter the driving torque D = Ki.C.V, and the 
brake torque T^K'^.^) ^nd when the condition of steady motion has been 
established 

Ki.C.V = KVn (10), 



t.e. 



lndt = h. . jc.V.^^. 



In the above no account has been taken of the various frictional resistances to 
motion — brush friction, bearing friction, friction between the counting train 
and gear, and air friction — and the result obtained is not quite correct. De- 
noting these retarding torques by F, then equation (10) becomes 

Ki.C.V=K> + F, 

This last equation shows that the speed of the meter is not strictly propor- 
tional to the power. 

F 

In a well-designed meter the frictional term —r is very small, and at high 

loads is inappreciable, but at low loads may seriously aflect the registration 
of the meter. Friction is also a maximum when the meter passes from the 
state of rest to motion, and is also variable at slow speeds when the driving 
torque is small. To neutralise the effect of friction a constant supplemental 
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twrque is added to the variable driving torque of the meter, and the complete 
law of the energy motor meter is then expressed by the equation 

Ki.C.V + Do = K> + F .... (11), 

where Dq is the additional driving torque, which should balance the frictional 
retarding torque F. The above consideration holds good when the motion is 
one of oscillation instead of rotation. 

Law of the Motor Meter without Brake. — If the armature of a motor 
having S surface conductors (S denotes the number of conductors round the 
armature circumference) rotate at a speed of n revolutions per second in a 
field of total magnetic flux N, then the counter electro-motive force generated 
in it is 

E = n.N.S.10-« volts. 

If Ca be the current in the armature in amperes, r be its resistance in ohms, 
and V the P.D. across the brushes in volts, then 

V = E + Ca.r. 

The work done per second on the armature is E.C.10^ ergs, and if D denote 
the torque in dyne-centimetres, the work per second is also given by 2.7r.7*.D 
ergs, so that 

27mD = E.C„.107. 

D = C«.^.10-^ 



Also 



p V-E 

When the torque exerted is zero, i.e. D equals 0, then V equals E, or 

V = ».N.S.10-». 

From which it follows, if N he due to a permanent magnet, that the speed is 
proportional to the P.D. across the armature terminals, provided that the 
motor does no work and has no internal losses. If V be proportional to the 
current to be metered, the speed of the motor will vary directly as the 
number of amperes in the circuit. 

A motor ampere-hour meter can be made on this principle when the 
motor is not allowed to do external work — for instance, in the generation of 
Foucault currents in a magnetic brake — and the armature current is approxi- 
mately zero. On the passage of a current the motor annature is accelerated 
until its back E.M.F. balances the P.D. across the brushes, produced by the 
drop in volts in the low-resistance shunt, with which it forms a parallel 
circuit, and which carries the whole current of the installation. 

Law of the Clock Meter. — If T denote the periodic time in seconds of a 
freely swinging pendulum, of mass M grammes and moment of inertia I, 
expressed in C.G.S. units, and if h denote in centimetres the distance between 
its centre of gravity and centre of suspension, g being the acceleration due to 
gravity in cms. per sec. per sec, then 



'^"^wih' 
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and the number of complete swings the pendulum executes m t seconds is 
given by 



27r V "I * 



When the bob of the pendulum is replaced by a coil energised by a current 
proportional to the voltage, and it be caused to oscillate over a coil traversed 
by the main current, due to the mutual attractions or repulsions between the 
coils, the pendulum will be either accelerated or retarded. The new periodic 
time, in the case of an accelerated pendulum, is given by 



d the number of oscillatic 

_i_ /Ugh + K,C,Y 
^i"27rV 1 • 



Mgh 
where K is a constant, and the number of oscillations in the time t will be 



This may be written 



""' 2W ~r W Ugh 



Mgh 
or ni=n(l + K'.C.V)», 

where " K' = - - . 
yigh 

The expression on the right-hand side of this equation can be expanded in a 
series by the Binomial Theorem, and 

„^ = n. |l+|^.C.V-?g^C2.V2 + 5Jc».V8- ....}. 

If the force due to the electrical system be small compared with that exerted 

K' 
by gravity, i.e. the term — -CV< 1, the terms of the second degree and above 

can be neglected, and the series approximates to 

(i+|.c.v). 

Then n^ = n(l+^^.C.Yy 

Therefore, in the short interval dt, 

d(n^ — n) __ K' p ^ ^^ 
di'^^'2 ' It' 

And t=i- 

dt T 

^y ^ 2T d( n^ - n) 
K' dt ' 

The electrical power is proportional to the difference in the rates of going of 
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two clocks having similar pendulums, the one swinging freely under the action 
of gravity, and the other being subject to electrical attraction or repulsion. 



And 



|^CT.d/ = g- Un,-n). . . . (12), 



or the electrical energy consumed in a given period is proportional to the 
total difference in the nimiber of swings made in that time by the two 
pendulums. A similar result is obtained by replacing the bob by a permanent 
magnet. In this case, however, the difference in the rates of the two pendu- 
lums varies directly as the current, and the sum of these differences during 
the interval under consideration will be proportional to the quantity of 
electricity delivered. 

The above result is approximate only, and the errors due to neglecting the 

term -^ . C^.V^ will become of greater importance as the currents in the main 
8 

coil become large. A more accurate result is obtained by fitting each 

pendulum with a pressure coil, and arranging the main current to influence 

both of them, so that the one is retarded and the other accelerated, when it 

will be seen that the effect of the term of the second degree is obliterated. 

In this case, for the retarded pendulum nj==«.(l -K'.C.V)*, and for the 

accelerated pendulum, n^ = «.(! + K'.C. V)*. 

n,-«. {l-|'.C.V-^C*.V2_^Vv*- } 

«j = »|l + ?|!.C.V-^'Vv« + &8VS- .... \ . 
12 8 16 ; 

The terms of the third degree and succeeding terms can be neglected, and 
«, = n. jl-|.CV-^C2V2[, 

n2-n, = n.K'.CV. 
And in the same way as above, 

T.2 T, 



\C.YM = ^,\d(ri,-n,). 



The results obtained for a gravity pendulum will also hold for any system 
having a simple harmonic motion, it only being necessary to substitute the 
law of force producing motion for that of gravitation. 

Thermal Effect. —The heating effect of a current in a conductor is utilised 
in meters for special purposes only, mainly in maximum demand indicators, 
which serve to register the maximum current taken by an installation during 
a given period. If J denote the mechanical equivalent of heat, H the amount 
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of heat generated by the passage of a quantity of electricity Q, then, by 
Joule's law, 

J.H = V.Q. 

Assuming the current to remain constant during the time t seconds, and if 
V, C, and R be expressed in volts, amperes, and ohms, the healT developed in 
gramme-degrees Centigrade is given by 

H = 0-238 V.C.^ 

= 0-238^. ^ 

-0-238 Cm^ 

where J = 4'2 joules or 4*2 x 10^ ergs. 

Behaviour of Continuous Ourrent Three-wire Energy Motor Meters. 
— The measurement of the electrical energy in continuous current multiple-wire 
systems presents no special difficulties when they are split up into a series of 
two-wire circuits, in each of which a two-wire meter is used. It is, however, 
not difficult to show, in the case of a three-wire system, that unless the two 
branches be perfectly balanced, i.e, equally loaded, and the pressures between 
the branches constant and equal, a three-wire energy motor meter will 
register incorrectly. If Vj denote the pr^essure between the + outer and the 
neutral conductor, Vg the pressure between the latter and the - outer main, 
and Cj and Cg denote respectively the currents in the positive and negative 
outers, V being the total voltage across the three-wire system, such that 
V = Vj + Vj , then the power delivered is 

and the energy consumed in the time Tg - T^ seconds is 

When both sides of the system are equally loaded, Vi = V2 = JV, and 
Cj = Cg = C (say), when the energy becomes 

E=2/Vi.Ci.rf/, 

T, 
Ts. 

or E=[v.C.^/. 



'•jy,C.c 



In a watt-hour three-wire motor meter two main current coils are used, 
and the one coil is placed in series with the positive conductor and the other 
in series with the negative main, the armature circuit being energised by a 
current proportional either to the total voltage across the system, or to the 
pressure between either outer and the neutral wire. Assuming the pressure 
current to be due to V, the total three-wire voltage, then the energy regis- 

tered by the meter is equal to ^. jy.(C^ + C2)dt, The power delivered 

T, 

to the total system is given by the equation 
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and, however unbalanced the two branches may be, 

hence P = V(C\ + C^) - V^Ci - Yfi^ . 

By adding these two equations for the power, it follows that 
2P = V(C, + C,) + C,(Vi-V,)-C,(Vi-V2). 
P = JV(C, + C,) + iCi(V, - V,) - JC,(V, - V,), 

T, T, T, 

and E = J Jv(C, + C.,)dt + i j'c,(V, - Y^)dt - ljc^(\\ - Y^dt . 

Ti T, T, • 

If the system be in perfect balance, and also when Cj and C* are unequal, 
but Vj - Vg is zero, the terms - ^^ ' — '^ and ^v i 2/ ^m vanish, and the 

meter will register correctly. When the two branches are unbalanced, Cj and 
Cg being unequal, and also Vj and Vg , the energy given by the three-wire 
meter, connected in the manner explained, will always be greater than that 
actually supplied, both when Cg > C^ , as then Vj - Vg is positive, and when 
Cj > Cj , as in this case Vj - Vj will be negative, so that the error is always of 
the same sign. 

When the pressure circuit of the meter is connected between one outer 
and the neutral wire it will also register incorrectly, and will read high or 
low according as the voltage across the armature circuit rises or falls. This 
can be easily shown as follows : 

p = CiVi + C2V2. 

Supposing the armature circuit to be energised by a current proportional to 
V, , then 

P-V,(C, + C,)-C,(V,-V,). 

Therefore the true energy is 

E = [vi(C, + c,)d< - (cj.(v, - y^t , 

whereas the energy given by the meter is equal to /^^(Cj + Cg)^^, 

T, 

which is less or greater than E according as V^ - Vg is negative or positive. 

It follows from the above that with this second method of connection of 
the pressure circuit of a three-wire meter the actual error in any particular 
case is larger than with the annature circuit connected direct across the outer 
conductors, and the errors are not always of the same sign, but are positive 
or negative according as the voltage across the armature circuit is high 
or low. 

Note. — In tlie Appendix at the end of the book will be found three tables (A, B, C) 
of percentage errors of continuous current energy motor meters corresponding to the above 
three cases. These errors can be readily verifiedfrom the formuLe stated above. 



CHAPTER III. 

GONTINTrOIJS GUBRENT QIJANTITr METEBS. 

Definition of a Quantity Meter — Classification of Quantity Meters — Advantage of the 
Quantitjr Meter— Wright Electrolytic Meter — Bastian Electrolytic Meter — General 
Description and Classification of Ampere-hour Motor Meters — Hookham Mercury 
Motor Meter — ^Ferranti Mercury Motor Meters— O'K. Meter — Electrical Company's 
Meter — Eclipse Meter — Hartmann k Braun Meter— Mordey-Fricker Oscillating Meter. 

Definition of a Quantity Meter. — A quantity meter measures the amount 
of electricity in ampere-hours conveyed by the passage of a current flowing in 
a circuit, and, in general, is used on a practically constant potential continuous 
current system. When the supply pressure is constant the current is pro- 
portional to the watts, so that the measure of the ampere-hours becomes a 
measiu*e, indirectly, of the energy in watt-hours. For electric lighting a 
quantity meter is invariably calibrated to register direct in terms of the 
supply unit of electrical energy, without the use of a multiplier or constant, 
at the supply voltage of the circuit to which it is to be connected. In this 
country the supply unit is the Board of Trade unit, and is equal to one 
kilowatt-hour, or 1000 watt-hours. 

Olassification of Quantity Meters. — Quantity meters may be divided into 
two classes, according to their principle of working, namely, electrolytic 
meters and electro-magnetic meters. The latter consist mainly of motor 
meters. 

An electrolytic meter may be either of the shunted or imshunted variety. 
In the unshunted type the whole current to be measured flows through the 
electrolytic cell and decomposes the electrolyte, whereas in the shunted type 
practically the whole current of the installation traverses a low resistance 
with which the electrolytic cell forms a parallel circuit, so that only a fraction 
of the main current flows through it and effects the chemical decomposition. 
All electrolytic meters are based on the same principle. The rate of decom- 
position produced by the passage of a current in an electrolytic cell depends 
on the strength of the current ; or, in other words, the number of grammes 
of metal deposited per second, or the number of cubic centimetres of gas 
evolved per second, is proportional to the current in amperes. Of the very 
numerous class of electricity supply meters of the electrolytic type, of which 
the Edison meter was the first to be commercially used, only the Wright 
meter and the Bastian meter are included in this chapter. 

Advantage of the Quantity Meter. — The specific advantage of an ampere- 
hour meter is the absence of any shunt loss, which in the case of an energy 
meter is a continuous one whether the consumer be using current or not. 
This is a matter of considerable importance, especially in connection with 
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the supply of current at 200 to 250 volts to small consumers, many of whom 
take, on an average, less than a couple of amperes at their maximum load. Even 
for the registration of large currents, a watt-hour meter offers no advantage 
over an ampere-hour meter when the system is a constant potential 
direct current one, except on circuits subject to large voltage fluctuations. 
For the measurement of alternating currents, however, watt-hour meters are 
exclusively used, owing to the lag or lead of the current. It will be readily 
seen that with an average shunt loss of 4 watts in the pressure circuit of a 
direct current energy meter at 200 volts, the 
annual loss per meter is 35 04 B.O.T. units, 
which, at Id. per unit generated and delivered 
at the consumer's terminals, represents an annual 
loss to the station of £146 per 1000 meters 
connected. This does not represent the total 
annual cost of the meters, as to this sum must 
be added the charges to cover depreciation, main- 
tenance, and interest on capital outlay, which are 
greater for energy meters than for ampere-hour 
meters. 

The Wright meter, made by the Reason Manu- 
facturing Company, Brighton, is of the shunted 
type. The essential parts of the meter are the 
electrolytic cell, a fine wire resistance in series with 
it, and a low-resistance shunt, across the terminals 
of which the cell circuit is connected. The low- 
resistance shunt is placed in one of the supply ^ 
mains, and the current through the cell is a very ^" 
small fraction of the current to be measured, 
amoimting to only a few milli-amperes. Fig. 1 
represents the electrolytic cell of this meter. It 
consists of a solution of mercurous nitrate, a 
mercury anode A, and a platinum cathode C in 
the shape of a hollow cone. The mercurous 
nitrate solution practically fills the whole of the 
hermetically sealed glass tube T, except for two 
or three cubic centimetres of air to permit of 
expansion. On the passage of a current through 
the meter, the mercury is deposited in minute 
globules in the platinum cone and falls into the 
U-shaped syphon tube G, alongside which is fixed 
a scale graduated in units. 

When a quantity of mercury calibrated to be 
equal to 100 units fills the U tube, its level in the 
first limb will be slightly above the top bend of the 
syphon. The whole of this mercury will be drawn over and will collect in 
the bottom of the sealed tube, which in this case is provided with a second 
100 unit scale S. 

By means of the anode feeder F the level of the mercury in the anode 
trough A is kept constant. A slight flow of mercury from the anode feeder 
to the anode takes place when any of the mercury has been electrolysed, 
whilst a corresponding amount of solution replaces the mercury thus with- 
drawn. The heavy solution formed at the anode falls, while the weaker 




Fig. 1. 
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solution at the cathode rises, and the density of the electrolyte remains 
uniform. No differences of concentration exist, and, in consequence, the 
back E.M.F. is virtually negligible, not exceeding one ten-thousandth of a 
volt. The resistance of the cell is also constant. This result is accomplished 
by the automatic gravitational circulation of the solution, and by the action of 
the anode feeder in keeping the surface of the mercury of the anode always at 
the same height and of the same area. The meter is also compensated for 
temperature changes for a range of ten degrees Centigrade above or below the 

normal, as the fine 
wire resistance coil in 
series with the cell is 
so proportioned that 
its increase in resist- 
ance just counterbal- 
ances the diminution 
in resistance of the 
electrolyte with rise 
of temperature. The 
final adjustment of 
the meter is made by 
sliding the end wires 
of the low-resistance 
shunt up or down in 
the terminal blocks, 
thus varying the 
magnitude of the 
shunt resistance re- 
latively to that of the 
cell circuit. 

An illustration of 
the complete meter is 
given in Fig. 2, and 
represents the stand- 
ard 10 ampere type, 
reading to 1000 units. 
It is enclosed in a 
strong castriron case, 
provided with a door 
having a window 
through which the 
scale can be read. 
When a meter has 
registered the maxi- 
mum nimiber of units 
marked on its scale, it must be re-set to zero. The method of re-setting the 
meter consists in tilting the whole tube about the hinged supporting brackets, 
so that the mercury gravitiites })ack into the anode and feeder. 

To reduce the adliesion of any mercury on the cathode to a minimum, the 
platinum cone is coated witli finely divided metallic platinum precipitated 
from a solution of platinic chloride. The surface so coated is practically 
incapable of supporting any mercury globules. Diflaculties arising from 
vibration are eliminated by supporting the whole of the anode mercury on a 
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cone of finely woven platinum gauze. This permits of free electrolytic action 
to the cathode, while the surface tension of the mercury prevents it from 
dropping through. The whole electrolytic cell is supported in its case on 
five spiral springs, to guard against jars and shocks. 

For 2 J up to 5 amperes the meter is furnished with a plain graduated 
tube which reads up to 250 units. Most of the defects inherent to electrolytic 
meters, especially of the shunted type, such as back E.M.F., varying 
proportionality between the shunt and cell circuit resistance, under-registra- 
tion at low loads, tempera- 
ture errors and large drop 
across the terminals, are 
eliminated in this meter, 
and a high degree of accu- 
racy is attained. As the 
curve of the meter is practi- 
cally a straight line, it is 
usual to test it at full load. 

The balance between 
the magnitude of the fine 
wire resistance and the 
resistance of the electrolytic 
cell can be tested in two 
ways. Either a full load 
test is taken at a tempera- 
ture differing from the 
normal by about 10 degrees, 
or the resistance of the 
electrolytic cell circuit is 
measured by a potentio- 
meter at normal tempera- 
ture and at some higher 
temperature. With the 
meter properly adjusted, 
no change in resistance 
w^ill be obtained. The point 
at which the mercury 
syphons over, in the case 
of meters fitted with the 
second scale, can be checked 
by shaking over mercury 
until the mercury column 
stands at 97 or 98 on the 
unit scale, and then by 

passing current through the apparatus until the mercury goes over. The 
point at which this occurs should correspond to the hundredth division of the 
scale. The meter is readily adapted for use in three-wire installations, in 
which two distinct two-wire circuits are used. Fig. 3 shows diagrammatically 
the arrangement. The installation is divided into two approximately equal 
sections, the neutral wire being split into two branches. 

At the point of junction A of these two branches, two low resistances Rj 
and Rg are inserted, of equal value. The current through the cell will be 
proportional to the sum of the currents Cj and C^ in the two halves of the 
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Fig. 3. 
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installation. This can be easily shown in the following manner. The 
difference of potential between C and D, to which points the electrolytic cell 
with its compensating resistance is connected, is CiRj + C2R2 > or when R^ = 
R2 = R (say), this P.D. is R (Cj + Cg), and therefore the current in the cell is 

^ ^ 2/ where r is the combined resistance of the cell and the com- 
r 

pensating coil. Hence the current in the cell will be exactly proportional 
to the sum of the two currents, and the one meter will register the total 
energy supplied to the three-wire installation. 

The Baistian Electrolytic Meter. — The Bastian ampere-hour meter, made 
by the Bastian Meter Company, is an imshunted 
electrolytic meter. It lias the advantage of sim- 
,-^^^^_^- _.— ^-_— plicity, and permanent accuracy when once cali- 
liB RHSMHHi ni~l ^^^> while it also registers with the smallest 
^U Ds^^^^?l O I ^^^^^^^^ "^^^ general construction and arrange- 
iH I i' -IlH 1^ b ^®"^ ^^ ^^® latest type are shown in Fig. 4. It 

HI L 2i§9 ^ ^ consists of two nickel electrodes inserted in a tube 

* * of uniform bore, which contains a solution of 

caustic soda. The top of the tube is closed by 
a porcelain cap, through which the rods of the 
electrodes project. These are joined by flexible 
insulated connections to the meter terminals, 
imbedded in sulphur in recesses cast on each side 
of the meter case. The scale reads direct in 
units, and can be slightly raised or lowered, so 
as to adjust the zero mark to the level of the 
electrolyte. A thin layer of paraffin oil rests on 
the top of the liquid column to prevent loss of 
water by evaporation or by the evolution of the 
gases on the passage of a current. The entire 
electrolytic apparatus is fixed in a cast-iron case, 
the bottom of the tube resting on an india-rubber 
cushion. The case is fitted with two covers, one 
of which has a window for reading the scale, and 
the other is to cover the terminals. In the older 
type of meter acidulated water was used as the 
electrolyte, and the electrodes consisted of platinum 
with lead leading-in rods. These constituents 
of the cell have now been abandoned owing to 
the large drop across the terminals which was 
obtained, amounting at full load to about 4 or 
5 volts, and to the trouble experienced with 
the lead rods. By the use of the caustic soda solution and the nickel 
electrodes the drop does not exceed \\% at full load on a 200 volt 
circuit. As the current passes, the electrolyte is decomposed and the gases 
evolved pass off into the atmosphere. The difference in the height of the 
solution between two readings, as indicated by the scale, denotes the number 
of units consumed during the interval which has elapsed between the two 
readings. The reading is always taken at the junction of the oil film and the 
liquid. The Bastian Meter Company have obtained an almost black oil, which 
gives a much more defined line on the top of the water than ordinary paraffin 
oil, so that its use greatly facilitates reading the meter. In the action of the 
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meter only the water is decomposed, and the specific gravity of the electrolytic 
solution increases towards the bottom of the scale. It is, therefore, only 
necessary to add fresh water periodically to fill the tube. 

The graduations of the scale can be readily checked without passing 
current through the instrument. The tube is filled with water up to the 
bottom scale-mark after the electrodes are inserted. With a burette graduated 
in cubic centimetres, a quantity of water is then added equivalent to 10 or 
20 units at the voltage for which the meter has been calibrated. 

The level of the liquid column is noted, and should coincide with the 
corresponding scale division. By repeating this process the accuracy of the 
scale graduations can be determined. 

General Description and Classification of Ampere-hour Motor Meters. 
— Motor meters form by far the largest class of electricity supply meters in 
commercial use. An ampere-hour motor meter has three essential parts — the 
motor, the brake, and the integrating mechanism. The motor consists of an 
armature which rotates in a magnetic field produced either by a permanent 
magnet or by an electro-magnet, usually in series with the armature. In both 
cases the current delivered to the installation flows either entirely or in part 
through the armature, which is connected to one of the supply mains. The 
motor drives the integrating mechanism and a brake, the function of which 
is to maintain a direct proportionality between the speed of the motor and the 
current flowing, so that the reading of the integrating train is proportional to 
the quantity of electricity delivered in a given interval of time. 

When a permanent magnet is employed for the motor field, the driving 
torque is proportional to the current. In this case the retarding device 
consiste of a copper or aluminium bell or disc, which is mounted on the 
armature spindle and rotates between the poles of the permanent magnet. 
The Foucault currents generated in the bell or disc exert a brake torque, 
which varies directly as the speed, so that when these two torques balance 
one another a direct ratio is obtained between the speed and the current. 

If the magnetic field of the motor be due to an electro-magnet in series 
with the armature, the driving torque is proportional to the square of the 
current, and a brake system must be adopted such that the resisting torque 
varies as the square of the speed, as with air and fluid friction. It also 
follows, when balance occurs, that the rate of revolution of the armature is 
proportional to the current to be measured. 

In all cases, however, due to solid friction, a straight line law between the 
current and the speed cannot be exactly obtained. By making the driving 
torque large and keeping solid friction — i.e. bearing friction, brush friction, 
and friction of the counting train and gear — as low as possible, the departure 
from the straight line law is slight, and will mainly be noticeable at low loads. 

The integrating mechanism is a train of wheels fitted with index hands 
and dials, aa in the ordinary gas meter type, or with rotating number drums 
or discs, the figures on which appear in line through slots in the dial face, and, 
in general, spring into position. 

In every case the registration is given direct in Board of Trade imits at 
the voltage of the circuit to which the meter is to be connected. 

Ampere-hour motor meters may be divided into two classes — commutator 
motor meters and mercury motor meters. In the mercury motor meter no 
commutator and brushes are employed, the mercury bath accomplishing 
the same end, and in one of the types of the Ferranti meters the mercury 
constitutes, in addition, the armature of the motor. 

3 
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The Ghamberlain-Hookham Ampere-hour Meter. — The ampere-hour 
meter manufactured by Messrs Chamberlain <fe Hookham, Ltd., Birmingham, 
is in principle the same as a small series motor with permanent magnets. The 
driving torque is proportional to the current to be metered, and the work 
done is dissipated in Foucault currents proportional to the speed. A section 
of the instrument is given in Fig. 5, showing in detail the construction of its 
constituent parts. 




Fio. 5. 



The permanent magnet consists of a single bent bar A A of tungsten steel, 
mounted vertically on soft iron plates B B, and separated in the middle by a 
brass piece C. E E are the brake pole-pieces, and D D is the circular iron 
bridge-piece forming the lower half of the mercury chamber L L, in which the 
armature N is immersed and partially floated. The magnetic circuit of the 
brake field is completed through the air-gap in which the aluminium brake 
disc rotates, the upper pole-pieces E E, and the bridge-pieces G. The lines 
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of force constituting the driving field of the meter pass from the one soft iron 
plate B vertically downwards into the mercury chamber, cutting the armature 
disc ; they then traverse the iron bridge-piece D D, and re-enter the mercury 
chamber vertically upwards, again cutting the armature disc, and finally leave 
by the other iron plate B. An intense magnetic field is produced at B D in 
this manner, and is cut twice by the armature disc in opposite senses. 

The armature consists of a copper disc, slit radially, and amalgamated on 
the rim so that current can only flow diametrically across it, and is con- 




Fio. 6. 



centrated within the area beneath the brake pole-pieces. To prevent 
amalgamation with the mercury, the upper and lower surfaces of the armature 
disc are suitably protected. 

1 1 are the two main current terminals, and K K are insulated copper 
strips terminating in the mercury, which is insulated from the other parts 
of the containing vessel. The current to be metered enters the mercury by the 
copper strip connected to the + terminal and leaves the instrument by the - 
terminal after flowing through the armature and round the series coil H. This 
coil compensates for the increase of fluid friction with increase of speed on the 
high loads by weakening the magnetic flux cutting the brake disc. It does 
not affect the driving torque on the armature disc, but only acts upon the 
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brake field. The effect of this coil can be altered by adjusting the bridge- 
piece G on which it is mounted, and this adjustment can be used for altering 
the constant of the meter at the high loads ; it will not produce any appreciable 
effect on light loads. The adjustment of the brake torque relatively to the 
driving torque is carried out by raising or lowering the arm Y carrying the 
brake pole-pieces. 

By means of the reduced neck at F of one of the brake pole-pieces, and 
by the use of the soft iron plates and bridge-pieces, the magnetic fields are 
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kept constant, and remain unaffected by any diminution in the magnetism of 
the permanent magnet. The weight of the rotating element is mainly 
carried by the mercury, with the result that friction on the bearings is very 
small. The meter stands on an ebonite base X X, and is enclosed in a cast- 
iron case of strong mechanical construction. For transit the armature 
spindle V is lifted off the lower jewel and clamped against the upper spruig 
guide-bearing by the stop-screw in front of the instrument, the latest type of 
which is illustrated in Fig. 6. 

The revolutions of the annature spindle are transferred to the index train. 
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the dials of which hidicate direct in B.O.T. units at the voltage at which the 
meter is calibrated. The index hands on the dials can be easily detached and 
placed at zero, to facilitate testing and setting. Each meter is supplied with 
a meter constant, giving the time in seconds per revolution of the armature 
per ampere, and this can be readily checked by sending a suitable current 
through the meter and noting the time taken by the brake disc to make a 
given number of revolulions. The integrating train is removed by unscrewing 
two bolts, when another spindle with a different ratio wheel and worm can be 
inserted in it, which forms the usual alteration necessary to adapt the meter 
for use with a different voltage. 

To meet the demand for a cheap but reliable meter for the registration of 
small currents, this company supply their 1902 type for IJ up to 5 amperes. 
The principle of working is the same as in the large type just described, the 
meter differing from it in constructional design only. The armature consists 
of a cylindrical copper bell rotating in an annular chamber filled with mercury. 
The chamber is formed by the poles of the permanent magnet and an ebonite 
block in which the poles are partially imbedded. The current of the installa- 
tion is led into and out of the mercury chamber by means of two conductors, 
of which the one is connected to the top of the chamber and the other to the 
imdemeath portion and on the same side. The current thus flows down one 
side of the armature only, and the electro-magnetic action between it and the 
strong magnetic field between the poles of the permanent magnet causes it to 
rotate. The same field is utilised to produce the brake torque by means of 
the eddy currents generated in the revolving copper bell. 

. A compensating coil in series with the armature is also used to compensate 
for the error at high loads, due to increased fluid friction. It is wound on an 
iron core placed as a shunt to the poles, and is in the front of the meter, a 
view of which is given in Fig. 7. The action of the coil is to divert a portion 
of the field from the poles of the permanent magnet to the core. In this 
manner the permanent magnet is shielded also from the effect of a short- 
circuit current. The adjustment of the meter on the high loads is made by 
the aid of the compensating coil, which is wound in sections. Either the 
whole coil or one or more of the sections can be used, and in this way its 
effect correspondingly varied. 

The Ferranti Meter. — The Ferranti ampere-hour meter is in reality a 
series motor of the unipolar type, and is shown in section in Fig. 8, which repre- 
sents a 10 ampere size. The magnetic field is produced by a cylindrical electro- 
magnet, having inwardly projecting steel poles. The series coil C C is mounted 
on the steel pole S P, and is connected to the negative meter terminal marked 
T - , which is insulated from the magnet, and to the iron ring I R. This ring 
embraces the poles, and forms with them an annular chamber, which is filled 
with mercury. The mercury bath M B is insulated on the top and the bottom 
by means of fibre, and constitutes the armature of the motor. 

To prevent over-magnetisation due to an excess current through the meter, 
a soft iron sleeve S is slipped over the steel pole, which is magnetised to a 
certain degree for the meter to start with small currents. 

Prior to the use of the iron sleeve, the effect of a short-circuit current was 
to over-magnetise the steel pole and cause the meter to run light and too fast 
on low loads. The brake system consists of a light fan of four vanes, im- 
mersed in the mercury, and mounted on a vertical spindle. The spindle runs 
in a jewel bearing, with, however, an extremely small amount of friction, as the 
weight of the revolving element is mainly borne by the mercury. 



38 



ELECTRICITY METERS. 




Fio. 8. 



CONTINUOUS CURRENT QUANTITY METERS. 



39 



The current entere the meter at the positive terminal marked T + , whence it 
traverses the pole S P and passes into the mercury at the contact C. It then 
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flows radially through the mercury to the iron ring, circulates round the series 
coil, and leaves by the negative terminal. 

The electro-magnetic action between the magnetic field of the electro-magnet 
and the current in the mercury causes the latter to rotiite, and with it the 
brake fan and spindle. 

The driving torque is in this case 
proportional to the square of the 
current, and the resisting torque 
due to the fluid friction on the fan 
is proportional to the square of the 
speed, so that when balance ensues, 
neglecting friction, the speed is 
directly proportional to the current 
flowing. The manner in which the 
revolutions of the meter spindle are 
conveyed to the integrating train 
will be understood by reference to 
Fig. 8 and Fig. 9, the latter of which 
is an illustration of the swing train 
at the back of the meter dial. The 
worm W on the meter spindle drives 

a swing train ST, which carries on its last spindle a ratio pinion, gear- 
ing with the ratio wheel on the first spindle of the index train. Fig. 10 
is a view of the back of the front train, with the swing train removed, 
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^showing the ratio wheel, the top jewel bracket, and the swhig plate. By 
means of this plate, which carries the swing train, the first wheel can be 
adjusted to gear with the worm on the spindle. 

The high-load adjustment and the adjustment for different voltages are 
carried out by altering both the ratio wheel and the pinion. For this purpose 
the meter is provided with a complete set of these wheels and pinions. 
Particulars of the ratio wheel and pinion, and of the voltage for which the 
meter has been calibrated, are marked on the back of the dial, as will be seen 
from Fig. 10. The wheels of the swing train have numbers marked on them, 
by means of which the revolutions of the meter spindle can be read off, and a 

quick and reliable test made of the 
meter constant. A front view of the 
complete instrument is given in Fig. 
11, from which its sound mechanical 
construction will be readily seen. It 
is enclosed in a strong cast-iron case, 
which is divided into two chambers, 
separated by a thick presspahn washer. 
The upper chamber encloses the count- 
ing train, and is provided with two 
windows, one in front for reading the 
dials, which indicate direct in Board of 
Trade units, and the other at the back 
for coimting the revolutions of the 
spindle on the swing train. 

The meter has to be filled with 
mercury before it is placed on circuit. 
The top cover is first removed, then 
the mercury screw is taken out of the 
hole on the top of the train support, 
to be seen in Figs. 9 and 10, when 
the proper amount of mercury, pro- 
vided with each meter, is poured in 
through a glass funnel. 

Messrs Ferranti, Ltd., have just 
recently introduced a new continuous 
current ampere-hour meter of the 
mercury motor type, but differing in 
many essential details from the one 
just described. The general construc- 
tion and working of the meter will be understood by reference to Figs. 
12 to 15. The armature in this case consists of a platinum-plated copper 
disc C D, immersed in the mercury bath M B, formed by the two nickel- 
plated brass plates B P and the fibre ring F R. The plates B P are suitably 
insulated from the mercury on their internal surfaces by the presspahn 
insulation PI. The edge and centre of the copper armature disc are 
amalgamated, so as to ensure that the current passes through the disc 
from the copper contact Cj to the second copper contact C^. The armature 
is mounted on the steel spindle S, which runs in a removable cup jewel J, 
and drives the integrating train through the worm wheel W W and a variable 
wheel gear. The annature is weighted by means of the weight W so that 
the disc just sinks in the mercury, considerably reducing the pressiu-e and 
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friction on the lower jewel, and the balance of the disc is adjusted by means 
of the three small nuts N. ^ 
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Fig. 13. 



Two permanent magnets P M and two pain* of }x>les 8 D and S B are used, 
the former pair producing the driving torque 
on the disc when current flows through the 
latter, and both pairs of poles produce the 
retarding torque proportional to the speed. 
The current to be measured flows from the 
positive terminal Tj to the copper contact 
Cj, from which it enters the mercury bath 
and flows through the armature disc, cutting 
the lines of force due to the driving poles 
S D, and leaves again by the second copper 
contact C^ in series with the compensating 
coil C C and the negative terminal Tg. The 
rotation of the disc between the two paii-s 
of poles sets up Foucault currents in the 
disc, which, reacting with the magnetic 
fields of the two pairs of poles, produce 
the brake torque proportional to the speed. 
When balance occurs between these two 
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torques, neglecting solid and fluid friction, i.e. when the condition of steady 
motion is reached, the speed is proportional to the current. At high 
loads, however, this proportionality between the speed and the current 
will be destroyed, owing to the mercury fluid friction, which causes the meter 
to run slow at the higher loads. To compensate for this disturbing effect, the 
compensating coil C C, already referred to, is used, and is traversed by the 
main current flowing. It is carried on the lower iron bar Ij Bj, which unites 

the bottom poles together. 
The top poles are also joined 
through the upper iron bar 
IgBg. The coil is so wound 
that the lines of force (Fig. 12) 
produced by the current flow- 
ing go in the direction indi- 
cated by the arrows C F. This 
flux increases the magnetic 
field in the driving poles S D, 
and decreases -the magnetic 
field in the retarding poles 
S B of the permanent magnets, 
the fields of which are shown 
by the arrows MF. It will 
be remembered that both pairs 
of poles retard the disc ; and 
since the flux of the one is 
increased and that of the other 
is decreased, the total retard- 
ing torque remains the same 
with or without the correcting 
coil. The driving torque is, 
however, increased at the high 
loads, so that the disturbing 
effect of fluid friction is recti- 
fied. 

The meter is made, as ex- 
plained above, for sizes from 3 
up to 100 amperes, but for 
larger capacities is supplied 
with a suitable shunt. A 
small adjustment of the con- 
stant of the meter is provided 
by means of the variable re- 
sistance V R (Fig. 1 2), con- 
nected as a shunt to the meter. 
It has six terminals. By connecting the lead L to the terminals from to 5, 
from to 5 per cent, of the current is shunted from the mercury bath, and 
a speed reduction up to 5 per cent, can be obtained. By means of this resistr 
ance a simple adjustment of the meter to a few per cent, is obtained without 
the necessity of removing the existing ratio wheels and the fitting of 
others. 

Referring to the figures, the mercury is poured into the trough through the 
hole M H, which afterwards is closed with a screw, and the mercury chamber 
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is sealed, for transit or handling, by turning in a clockwise direction the knob 
K (Fig. 12). 

The elements of the meter are enclosed in a strong castriron case, and the 
terminals are arranged at the top of the instrument. The terminal chamber 
is separately sealed, and gives access to the mercury sealing-knob K without 
the necessity of opening the main meter case. The mechanical design, 
characteristic of the Ferranti meters, will be readily followed from the 
illustrations. 

The meter is very quickly tested, as the front dial has a ^^ unit circle, and 
there is also a small wheel with graduations on its edge, by which readings 
can be taken of y^ of a unit. This wheel is readily visible through the front 
meter window, and is clearly shown both in Fig. 12 and in Fig. 15, which is a 
front view of the complete meter with the cover and terminal door removed. 

The O'K. Meter.— An extremely simple 
ampere-hour motor meter, with an electrical 
efficiency of very nearly imity, is that in- 
vented by O'Keenan, of Paris, and known 
as the O'K. meter. In this case the motor 
does no outside work beyond driving the 
integrating train and overcoming the very 
small amount of friction in the bearings, the 
armature being accelerated on the passage 
of a current in the circuit to which it is 
connected until the counter and applied 
electro-motive forces across the brushes are 
equal, when the speed remains steady, pro- 
vided the current does not vary. The speed 
of rotation is then proportional to the 
potential difference across the terminals. 
The O^K. meter is manufactured by the 
Compagnie pour la Fabrication des Comp- 
teurs, Paris, the Danubia Actiengesellschaft, 
Vienna, and by the British Thomson-Houston 
Company, Rugby. The maui difference 
exists in connection with the commutator 
and brushes, which are of silver in these 
meters of the French and German com- 
panies, whereas the British Thomson-Houston 

Company use gold commutator segments and gold-tipped brushes. Fig. 16 is 
a view of the O'K. meter of the last-named company. 

A strong permanent magnet is used havhig a stationary core of soft iron, 
supported on a bracket between the poles of the magnet. The armature 
rotates in the air-gap between the poles and embraces the fixed iron core. It 
is former wound and connected to a four-part commutator. The whole 
revolving element is mounted on a vertical spindle, which runs in a sapphire 
jewel supported in a spring-seating in the jewel screw. The spindle is guided 
at the upper end, and drives through a fine worm the integrating train. On 
the right of the motor is a low-resistance shunt, to the ends of which the 
brushes are connected. This shunt resistance is joined to the terminals of 
the meter, and is placed in series with one of the mains to the consiuner's 
circuit. No brake or resisting device is employed. The current flowing in 
the installation to which the meter is connected divides in the meter into two 
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parts, of which the one flows through the shunt and the other through the 
armature of the motor. When the circuit is closed the armature begins to 
rotate, and its speed increases until the back E.M.F. of the revolving armature 
counterbalances the potential difference at its terminals. When this condition 

is reached, only so much current flows 
through the armature as is necessary to 
overcome the frictional resistances to 
motion, which are reduced to a minimum. 
The speed of the motor is therefore propor- 
tional to the P.D. across the shunt resist- 
ance, and consequently to the total current 
flowing. Practically the whole current 
passes through the low-resistance shunt, as 
the current in the armature is almost negli- 
gible, and any alterations in resistance of 
the armature circuit will not influence the 
indications of the meter, which is therefore 
independent of temperature variations. It 
is also uninfluenced by short-circuits. The 
commutator and brushes are arranged at 
the bottom of the meter, and, together with 
the lower jewel-bearing, are protected by a 
separate cap, fixed to the main meter cover 
by a bayonet catch. These pailis are thus 
readily accessible for inspection and clean- 
ing. The general appearance of the meter 
with the case on will be seen from Fig. 17. 

The speed of the meter is regulated at 
full load by altering the position of the 
sliding contact of the low-resistance shunt 
in series with the main circuit. The meter 
is usually made for small currents up to 
fifteen amperes. The Compagnie pour la 
Fabrication des Compteurs, Paris, however, adapt it for use on circuits taking 
up to 100 amperes, by compounding it with a pressure circuit consisting 
of a high resistance placed across the supply mains, and producing a constant 
small extra potential difference be- 
tween the brushes of the armature. 
The method they employ will be 
understood by reference to the dia- 
grammatic sketch in Fig. 18, in which 
the meter is shown placed in the posi- 
tive side of the circuit. With the 
connections as shown, the potential of 
the leftrhand brush of the armature 
A will be higher than that of the 
rightrhand brush, and the armature 
will rotate from left to right on the 
passage of a current through the low-resistance shunt R in series with the 
positive main. On light loads there will, however, be a tendency to run 
slow, as it is not possible to eliminate all the frictional disturbances to 
motion. If, on the other hand, by some means a potential difference is 
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established between the brushes, which will produce a current in the 
armature just sufiicient to give the necessary toi-que to overcome these 
frictional resistances, the toi-que and accuracy of the meter will be consider- 
ably increased, and its curve rectified at this end. This result, as already 
mentioned, is obtained by inserting a high-resistance K between the right- 
hand terminal S and the negative main, and connecting the right-hand brush 
to an intermediate point C of this resistance. The current which traverses 
this high-resistance pressure circuit is only O'Ol ampere, so that the watt loss 
is low, being 1 watt per 100 volts. 

The constant drop across S C produced in this way is added to the drop 
across the low resistance through which the main current flows, augmenting 
the P.D. across the brushes of the motor. 

The high-load adjustment is made by altering the position of the sliding 
contact on the low resistance, and the friction compensation at light loads, 
that is, at about ^ full load, is carried out by increasing or decreasing the 
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portion S C of the pressure circuit between the right-hand terminal S and the 
right-hand brush, according as the meter is running slow or fast. Increasing, 
this portion will raise the P.D. across the brushes, and therefore augment the 
speed of the armature. 

In Fig. 19 is shown a diagram of the arrangement of the O'K. meter when 
used by the British Thomson-Houston Company for a three-wire circuit. 

The meter is provided with two low-resistance wires R^ and Rg, in series 
with one another, and having their extremities connected to the armature 
brushes. 

The common junction of these two resistances is joined to the middle 
terminal of the meter, to which the neutral wire is brought, and each 
resistance carries the current in that half of the system to which it is 
connected. The speed of the armature depends on the sum of the potential 
diiFerences between the common junction and the ends of the two resistance 
shunts, and the meter correctly registers the ampere-hours or watt-hours 
delivered to the three-wire circuit, irrespective of the loads of the two sides. 

The O'K. three-wire meter of the Compagnie pour la Fabrication des 
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Coinpteura, Paris, consists practically of two two-wire O'K. meters combined 

to form one instrument. The two armatures rotate betw^een the upper and 

lower pole-pieces of two permanent mag- 
nets, and each is connected across the ends 
of a 8ei)aratc low-resistance shunt, the 
right-hand resistance connected to the 
upper O'K. armature l>eing clearly visible 
in the illustration of their three-wire meter 
given in Fig. 20. E^h resistance is 
traversed by the current in one of the 
outers of the three-wire circuit, and the 
speeds of rotation of the armatures are 
respectively proportional to these two cur- 
rents. The two armatures are mounted 
on separate spindles, and each armature 
spindle drives through a differential gear 
the one counting train of the meter, which 
registers the number of ampere-houra or 
watt-hours consumed in the two branches. 
Electrically, the two portions of the meter 
are quite independent of one another, 
which is an important feature, as, in 
consequence, the same accuracy can be 
obtained on each of the two sides of 
the system whether they are equally or 
iniequally loaded. The meter is com- 
pact, light, and has no shunt loss. Fig. 
21 shows diagrammatically the method 
of connection to be used. This meter 

is also used by the British Thomson-Houston Company. 

The Electrical Company's Ampere-hour Motor Meter. — The 

hour motor meter of the Electrical Company, 

Limited, London (manufactured by the All- 

gemeine Elektricitats-Gesellschaft, Berlin), 

differs from the O'K. meter in that the motor 

does work in the generation of eddy currents 

by driving a magnetic brake. For the 

general arrangement of the meter, type RA, 

front view of the instrument, see Fig. 22. 
The magnetic field, which acts both as 

a driving and a brake field, is produced 

by a powerful permanent magnet, having 

between its poles a stationary soft iron 

core. The armature is connected to a 

three-part silver commutator, and rotates 

in the air-gap between the soft iron core 

and the pole-pieces. It is former wound 

with fine wire, and the windings are 

placed on a light aluminium cylinder, 

which acts as the brake. The brushes are 

composed of silver wire, and are connected to the ends of a shunt consisting 

of low-resistance wire or metal strip, which is traversed by the main current 
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taken in the installation. On the passage of a current through the shunt, a 
potential difference, amounting to one volt at full load, is established across 
the brushes, and the motor runs up to speed imtil the brake torque due to the 
eddies induced in the armature cylinder balances the driving torque, when 
the speed is proportional to the current to be measured. 

The spindle carrying the armature and commutator runs in a ball step- 
bearing, flexibly supported, and drives through a worm near its lower end a 
cyclometer counting-gear, the figiu'es of which spring into position and read 
direct in Board of Trade units. The special ball-bearing and cyclometer 
counter used by this company in their motor meters are described in 
Chapter XIII. When a decimal portion is included on the counter, the figures 
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are usually, as in most other types, coloured red, to distinguish them from the 
unit portion. 

The calibration at full load is proceeded with, as in the O'K. meter, by 
adjusting the position of the movable contact on the resistance wire in the 
front of the meter. 

The Eclipse Ampere-hour Meter, type CR, manufactured by The Luxsche 
Industriewerke, Munich, Germany (G. Braulik, London), also comprises a 
small electro-motor with a magnetic brake. The meter, with the cover 
removed, is shown in Fig. 23. Two permanent magnets, oppositely polarised, 
are used in this case to produce the magnetic field. The armature (Fig. 24) 
consists of three flat elliptically-shaped coils. A, B, and C, which are carried 
on a light aluminium disc D. The latter constitutes the magnetic brake. 
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having eddies induced in it by its rotation in the magnetic field. The coils 
are connected together to form a triangle, each comer of which is connected 
to a silver segment of a three-part commutator on which the brushes bear. Two 
coils are always in series with one another and in parallel with the third, and 
the effect of the one group is added to that of the other, as the two permanent 

magnets have opposite polarities. The two 
brushes are connected in parallel with a low- 
resistance wire, which is traversed by the cur- 
rent to be metered. E^h brush is composed 
of two fine silver bands, which are held with 
their edges on tlie commutator by means of a 
light steel spring. 

The speed of tlie disc is regulated at full 
load by moving the adjustable bridge-piece on 
the resistance wire, and so altering the current 
in the armature coil, which is a fraction of the 
main current. 

A cyclometer coimter, driven by the worm 
on the meter spindle, integrates direct in imits the energy consumed. 

The whole revolving element (Fig. 24) is very light, and the spindle runs 
in a spring-borne jewel, no locking device being employed for transit. By 
the employment of a three-part commutator, brush friction is considerably 
minimised, as in the case of the Electrical Company's meter. 
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Hartmann & Braun Ampere-hour Meter. — Messrs Hartmanu & Braun, 
of Frankfort (the Union Electric Co., London), manufacture a very interest- 
ing and novel ampere-hour meter, in which only one brush is used in con- 
junction with a three-part commutator. 

The armature consists of three flat coils mounted on a light aluminium disc 
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which rotates between two vertical horsetihoe magnets, with their opposite 
poles facing one another. 

Each coil is divided into two pirts, arranged on the aluminium disc at the 
opposite ends of a diameter, and they are so connected, either in series or in 
parallel, that the fields they produce are opposed. With this arrangement 
the meter will start whatever the position of the armature, and is miafFected 
by external fields, on accoimt of the strong permanent field it possesses, and 
because the lines of force due to the armature coils run parallel to the axis of 
rotation. 

Fig. 25 is a diagrammatic representation of the annature system. A A', 
B B', and C C are the three coils ; they are connected together at one end, 
and each coil is in seiies at its other end with a commutator segment and 
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one of the resistances \Vj , Wg , and Wg . The three resistances are connected 
together on the armature shaft. 

The construction of the meter is illustrated in Fig. 26. 

The permanent magnetic field is produced by two U-shaped magnets, which 
are secured to the cast aluminium base-plate of the meter, so that no possible 
alteration of the air-gap between their poles can take place. 

In addition to the fiat coil system, commutator, and worm-wheel, the 
spindle carries the three small resistance coils of the armature circuit, which 
is branched off a low-resistance shunt mounted at the back of the base plate. 
This shunt is placed in scries with one of the supply mains. 

A light spring bears on the rounded top of the armature spindle and serves 
to convey the current to the armature, from which it is conducted by the 
one brush on the commutiitor. The aluminium disc forms with the permanent 
magnet the magnetic brake of the meter, and the revolutions of the disc are 
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transferred in the usual manner to a counting mechanism with springing 
figures. 

The instrument is mainly intended for the registration of small currents. 
A noteworthy feature is the improved construction of the commutator, where- 
by all disturbing influences arising from dust and sparking can be avoided. 
The different segments are not mounted in the ordinary way, but each one is 

arranged below the other, giv- 
ing a large air-space and secur- 
ing a high insulation. 

The Mordey-Fricker Am- 
pere-hour Meter, manufactured 
by the British Insulated Wire 
Co., Ltd., Prescott, is based on 
the electro-magnetic effect of a 
current, but differs from all 
other types of this class in 
being an oscillating meter of a 
special kind. It is a simple 
clock, the rate of which is con- 
trolled by the current in the 
circuit, and which stops when 
no current is passing. The 
ordinary hairspring of the bal- 
ance-wheel of the clock is re- 
placed by a disc of slate, on 
which are fixed a few iron 
wires. 

The disc is mounted on the 
balance-wheel shaft, and is sym- 
metrically supported between 
two coils, which are traversed 
in series by the current to be 
measured. 

The current in the coils pro- 
duces a magnetic field, which 
acts on the iron wires in the 
same manner as an ordinary 
galvanised needle, magnetising 
them, according to the strength 
of the current, to a greater or 
less extent, and causing the 
disc to swing more or less 
rapidly into a central or axial 
position between the two coils. 
In conjunction with the action 
of the mainspring of the clock, the disc, and with it the balance-wheel, will 
oscillate at a rate proportional to the current in the installation. 

The coils thus act as a variable hairspring, and the clock, on the passage 
of a current, goes, and at a rate dependent on the strength of the current. 

The revolutions of the clock are transferred to a cyclometer or to a dial 
counter, which is geared to indicate directly the consumption in Board of 
Trade units for constant pressure circuits. The meter, which is illustrated 
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in Fig. 27, is primarily intended for the registration of small currents, and 
readily starts with one 8 c.p. lamp at 250 volts. It can be used for either 
direct or alternate current circuits, and is independent of frequency for the 
periodicities met with in practice. The clock is provided with an ordinary 
eight-day movement, and only requires to be wound up once every quarter, as 
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on small installations, for which it is intended, its average speed is very slow, 
and, moreover, it does not go when the current ceases. The balance-wheel 
shaft moves in a footstep jewel, and is, further, sometimes suspended by a 
torsionless silk fibre, attached to it by a bent wire spring. The object of the 
silk suspension is to reUeve the jewel of the weight of the shaft balance-wheel 
and disc, and so safeguard it from damage. 



CHAPTER IV. 
GOKTnnjons gttrbent ENEsay hotob metess. 

General Description — Thomson Meter of the British Thomson- Houston Co. — Thomson Meter 
of the General Electric Co., U.S.A. — Duncan Meter— Vulcan Meter — Eclipse Meters — 
Meter of Mix k Genest, Berlin — Siemens-Schuckert Meters— Elimination of Friction — 
Evershed Frictionless Motor Meter — Hartmann k Braun Motor Meter. 

General DescriptioxL — Continuous current energy motor meters depend on 
the well-known electro-dynamometer principle, in. which the electro-magnetic 
action between the currents in a ^tionary coil and a movable one produces 
motion in the latter. This motion, in the case of motor meters, is converted 
into one of continuous rotation by the aid of brushes and a commutator 
electrically connected to the moving coil and carried on the same spindle. 

All motor meters consist of three essential parts, which are the motor, the 
brake system, and the integrating mechanism. The motor, in all the meters 
included in this chapter, contains no iron in either the armature or its field 
system. The field or mahi current coils are stationary, and are connected in 
series in one of the supply mains for a two-wire meter. The armature is 
composed of fine wire coils placed as a shunt circuit across the supply leads. 

The field coils are, therefore, traversed by the whole current taken by the 
particular installation in which the meter is fixed, whereas the armature is 
energised by a current proportional to the supply pressure. A high resistance 
is also used in the pressure circuit in series with the armature, to keep the 
pressure current low and to reduce the voltage across the brushes. The 
current in the main or series coils sets up a magnetic field which is pro- 
portional to the number of amperes in the main circuit, and the current in 
the armature produces another field of force, at right angles to that of the 
series coils, which is proportional to the voltage. 

These two magnetic fields exert at every instant a driving torque on the 
armature, which is proportional to the product of both fields, that is, to the 
prodv\ct of the P.D. and the main current flowing, or to the actual power 
supplied in watts. 

The brake system is to absorb the work done by the motor, and must be 
such that the retarding torque which it exerts is at every instant pro- 
portional to the speed of the armature. This result is obtained by rotating 
a non-magnetic metal disc, mounted on the armature spindle, between the 
poles of one or more permanent magnets. 

The portion of the disc embraced by the poles cuts the lines of force of 
the brake field at right angles, and at a rate depending on the immber of 
revolutions of the armature spindle, and the Foucault currents generated in 
the disc will vary in intensity as the speed. 

The resisting torque is at any moment proportional to the product of the 
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brake field of the permanent magnets and the strength of the induced 
currents, and, therefore, to the speed. When steady motion has been 
established, the driving and retarding torques will balance one another, 
neglecting all frictional resistances, and the speed will vary directly as the 
power supplied. The number of revolutions made in a given time will then 
be proportional to the energy consumed in this period. It must be 
remembered, however, that the assumption is made that the various 
frictional resistances which occur in a meter are negligible. 

-These frictional resistances are — (1) friction of axle bearings, (2) friction of 
brushes on the commutator, (3) air friction, and (4) friction of the counting 
train and gear connecting it to the motor spindle. 

Generally, friction is considerably reduced, and in a well-designed meter 
does not influence its indications at high loads, being mainly noticeable at low 
loads. The matter is complicated still further, as friction is not constant at 
these low loads, but is a variable quantity. It may be mentioned here that 
air friction is so slight that it is entirely neglected. 

To compensate for the frictional resistances, and to enable the meter to 
readily start with a small current when the magnetic effect of the main current 
coils is w^eak, a compound or auxiliary winding is used. This compensating 
coil consists of a few turns of wire in series with the armature circuit, and is 
placed relatively to the main current coils, so that the lines of force it produces 
augment the main field. At these very low loads the magnetic field of the 
main current coils is so weak that the torque exerted is, unaided, insufficient 
to overcome the forces of friction. The additional torque is supplied in the 
manner just explained. It will be seen that this supplemental field is always 
present, as the pressure circuit is always energised. Moreover, the compound 
winding becomes relatively of less importance as the load on the meter 
increases. The compensating coil is usually made adjustable, so that its 
distance to or from the armature may be varied to suit the immediate con- 
ditions of the installation. It is generally so adjusted that the meter starts with 
a current between 1% and 2% of the maximum capacity of the installation. 

The registering or integrating mechanism is an ordinary train of wheels 
and pinions gearing with one another, and the first motion wheel of the train 
is drivQH by a worm or pinion on the armature spindle. The staffs of the 
various wheels carry either hands which travel over graduated circles on the 
front of the dial, or number discs or wheels, the figures on which appear in 
line opposite slots in the dial face. The integrating mechanism is invariably 
arranged so that its indications give the energy consumption direct in either 
Board of Trade or other convenient units without the use of a multiplier or 
constant. 

A motor meter may be regarded as a motor-generator, the generator 
consisting of a magneto-dynamo with a diort-circuited armature. The work 
the motor does is expended in driving the dynamo, in which the energy is 
ultimately absorbed in the shape of heat, in driving the counting train and 
gear, and in overcoming the remaining frictional resistances to motion. 
Meters of this class are very extensively used, and differ mainly in details of 
mechanical and electrical design, the relative arrangement of the various 
component parts, and the methods adopted to overcome the sources of error. 
In the descriptions which follow, the electrical features of motor meters will 
be mainly pointed out, and only those meters are included in this chapter 
which do not contain iron in the armature and field. In Chapter XIII. will 
be found a few of the more important mechanical details. 
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Thomson Watt-hour Meter. — The latest type of the Thomson watt-hour 
meter, manufactured by the British Thomson-Houston Company, Limited, 
Rugby, is illustrated in Fig. 28. It represents their standard housenservice 
meter, form A, for two- and three-wire circuits. Two main current coils of 
rectangular shape are used, and are arranged parallel to one another, and 
with their planes at right angles to the base of the meter. They are securely 
held in position by means of clamps which fit in grooves in the meter base, 
and which are fixed by means of screws. By loosening these screws and dis- 
connecting the two coils they can be readily removed to give access to the 
armature. The compound winding, which consists of a few turns of fine wire 
connected in series with the armature circuit, is divided into two sections, one 
being placed in each series coil. The compensating coils are adjustably 
mounted, and can be moved relatively to the main current coils, to alter the 
effect for the light-load adjustment. When the meter is calibrated at the 

works, the position of each compounding coil 
is adjusted until the supplemental torque is 
just suflicient to overcome the friction of the 
bearings, when the meter will register correctly 
on light loads. 

If, however, a meter should afterwards be 
found to run slow on light loads owing to the 
bearings wearing rough, it is only necessary 
to readjust the position of each coil by moving 
it nearer to the armature, so as to increase the 
auxiliary torque to a point where the increased 
friction is balanced. 

Symimetrically supported between the series 
coils is the annature, which is drum-wound and 
is composed of about 3000 turns of insulated 
fine copper wire. It is carried on a light steel 
spindle, which rests on a lower sapphire jewel- 
bearing, flexibly supported on a spring cushion 
in the jewel screw. The upper pivot of the 
meter spindle nnis in a guide-bearing, which 
serves solely to keep it central. 

The armature is wound in sections con- 
nected to an eight-part commutator, which 
is built up of silver segments and is mounted on the lower extremity 
of the spindle. Three phosphor-bronze wires are used for the brushes, and 
their ends are fitted with tiny silver sleeves, with which they bear on the 
commutator. They are kept in position by their own tension and are easily 
detachable. The commutator, brushes, and the jewel step-bearing can be 
quickly examined without having to disturb the main cover of the meter. 
They are protected by a separate dome-shaped cap, attached by a bayonet 
catch to the main cover, as shown in Fig. 29. This is an important con- 
sidenition, as the comnuitator, brushes, and jewel form the vital parts of a 
meter, and constitute the chief sources of trouble inherent to meters of this 
class. They should therefore be quickly and easily accessible during the 
operation of the meter. 

The brake system is arranged at the top of the instrument, and consists of 
two permanent magnets of tungsten steel, very carefully aged, and a brake 
disc of copper, which rotates between their poles. 
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The disc is mounted on the meter spindle which drives through a gun- 
metal worm the integrating train. The 

dial registers the energy consumed direct 
in B.O.T. units, and is carried on the same 
bracket which supports the high-resistance 
coil in series with the armature circuit. 

The terminals are at the bottom of the 
instrument, and are protected by a separate 
ebonite cap, which also covers the fixing 
screws of the meter. The magnets are so 
mounted that their position relatively to 
the brake disc can be altered for the pur- 
pose of decreasing or increasing the speed 
of the meter at full load. With the general 
arrangement adopted, immimity is secured 
from any demagnetising action of the main 
coils, or other current-carrying parts, on 
the brake magnets. This might happen 
were these parts in close proximity to the 
brake system, and with excessive overloads 
or a short-circuit current the effect would 
become very pronounced. 

In Fig. 30 is given a diagram of connec- 
tions for a two- or three- wire meter up to 75 
amperes, the dotted line showing the neutral 
or middle wire in a three-wire system. 

The Thomson Meter. — The Thomson meters, manufactured by the 
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Compagnie pour la Fabrication des Compteurs, Paris, and by the Danubia 
Actiengesellschaft, Vienna, are almost identically the same as the one first 
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described. Slight modifications occur in connection with the brushes. These 
are composed of tiny silver lamellse, bent round to fonn half-cylinders, and 
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bear with their two edges on the commutator. The contact pressure is 

maintained by means of springs. 

One of the main features of the Thomson meter of the General Electric 

Co., Schenectady, New 
York, U.S.A., consists in 
the use of a special adjust- 
able compensating coil. 

It is quite an easy 
matter to accurately com- 
pensate for any definite 
friction load. Friction, 
however, is a variable 
quantity, increasing some- 
what with time and use ; 
and imless the compensa- 
tion be variable at will, 
inaccuracies occur. 
The adjustable shunt field coil used by this company is very clearly shown 

in the illustration in Fig. 31 of their standard two- wire small capacity meter 

for currents from 3 to 50 amperes. It is shown more in detail in Fig. 32. 
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All their meters, up to and including 10,000 amperes, arc now provided 
with this method of adjusting for light loads. In the two-wire meters, as 
illustrated, the coil is usually inserted within the left-hand main current coil, 
whereas in the three-wire sizes it is in the right-hand one. 

The larger types, above 1200 amperes, have two of these coils, either or 
both of which should be used for making the compensation. 

The adjustment can be very easily carried out without disturbing the meter 
when installed. 

The winged nut which clamps the support of the compensating coil to the 
main current coils is first loosened, and the shunt coil is moved either towards 
or away from the armature mitil the required degree of compensation has 
been effected. Moving the coil towards the armature will increase the speed 
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on light loads, and movement in the contrary direction will produce a 
diminution in speed. 

The coil can also be centred, relatively to the armature, by moving it up or 
down, after releasing the knurled nut on the right of the coil frame by which 
it is fastened to its support. 

The parts and general arrangement of. the meter will be readily followed 
from the illustration, Fig. 31. The brake system in this case is carried on 
the bottom shelf of the meter, and the motor and integrating train are 
arranged well above the brake magnet«. 

The Duncan Watt-hour Meter, made by the Duncan Electric Manufactur- 
ing Company, La Fayette, Indiana, U.S.A., jxjssesscs many novel and interesting 
features. The general design of the meter will })e gathered from the two 
illustrations shown, of which Fig. 33 is a front view and Fig. 34 is a side 
view of the meter. The two main current coils are supported with their 
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planes parallel to one another, and to the cast aluminium base at some distance 
from it. Both coils can be quickly and easily removed to allow for the 
inspection of the armature, commutator, and brushes. The brushes are made 
from hard-drawn phosphor-bronze having a thickness of '008 of an inch. 
They are faced with silver on those portions which press against the commu- 
tator, which is composed of eight silver segments, gold-tipped. The brushes 
possess ample spring to ensure a good and reliable contact, and are mounted 
upon a moulded lava support, which does not, under the normal changes of 
temperature, cause the brushes to twist or get out of alignment, so that a 
constant pressure is maintained throughout all practical conditions of working. 
Another feature of the brush mounting is, that by removing only two screws 
the brushes with their lava support can be detached from the meter for 
inspection and cleaning without changing their original tension. 

The main feature of the armature is the large number of turns of fine 
copper wire used, having a diameter of '00314 inch. It is wound with 8000 
turns, and in consequence, besides being efficient, produces a high torque, a 
very essential requisite to ensure accuracy and permanence of calibration. 

A novel method is used for adjusting the friction compensation of the 
bearings and registering gear on low loads, and is accomplished by varying 
the turns comprising the compensating coil. The compounding coil, which is 
detachably secured within the front series coil, is wound with 1000 turns, 
which are subdivided into ten parts by bringing out as many terminals, 
soldered at regular intervals to the coil as a whole, and these terminals are 
connected to the contacts provided on a small multiple point switch situated 
on the front face of the back support. The compensating switch and coil are 
clearly shown in Fig. 33. When the meter leaves the testing department 
at the factory, the little switch arm is at about the centre of the contacts. If 
the meter be found to creep after being installed, due to vibration or increase 
of pressure above that at which it has been calibrated, the lever is moved to 
the right. This action cuts out turns from the compensating coil, and thereby 
reduces the intensity of the field produced by it. This, in turn, decreases the 
supplemental torque due to the coil, and creeping stops. If the meter, how- 
ever, be found to run slow on light loads, such as one lamp, this shows that 
the friction of the bearings has increased. More turns of the compensating 
coil will therefore be required, and are thrown into circuit by moving the 
switch lever to the left. The increased number of turns of the coil augments 
the compensating field and increases the rotative power of the armature. 

In this way the meter can be accurately and readily adjusted in position. 
The compensating coil has a small resistance, so that altering the number of 
the turns will not sensibly increase or decrease the total resistance of the 
armature circuit to which it is connected in series. The maximiun alteration 
produced is found in practice not to exceed one-half of 1 per cent. 

If required, the meter can be supplied with the compensating coil, com- 
prising an independent pressure circuit of its own, quite distinct from the 
armature circuit. In this case it is made with wire having a high resistance. 

The brake system is placed on the bottom shelf of the meter case at some 
considerable distance from the series field coils and all current-carrying parts ; 
and the magnets, from their position, are quite unaffected by any current 
flowing. 

These magnets are of tungsten steel, and are artificially aged in a very 
careful manner. The makers guarantee that their strength will not be 
impaired more than 1^ per cent, after the field coils of the meter have been 
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subjected to a short-circuit current tln-ough a fuse of capacity ten tMiies 
that of the meter itself. Ample range for adjustment is made for nhese 
magnets on the bottom shelf, so that the correct speed can be obtaiiied in 
testing. 

The whole revolving element is made aa light as possible by the use of a 
brake disc of alumini- 
um and a hollow steel 
spindle. The disc is 
held on the spindle by 
means of a split hub, 
and the worm on the 
spindle drives the in- 
tegrating train, which 
reads direct in kilowatt- 
hours. 

The terminals are 
secured to the sides of 
the pocket at the top 
of the meter base, and 
are insulated from the 
casting with pressed 
fibre. 

^To suit the different 
cases that arise in practice, the two- wire meters are supplied with either three 
or four terminals, and the three-wire meters with either four or five binding- 
posts. Fig. 35 is a diagram of connections of a two-wire meter fitted with 
three terminals, the pressure circuit being connected between the left-hand 

main terminal and the 
central shunt binding- 
post. Ill the two-wire 
meter with four ter- 
miiials the armature 
connections are made 
within the meter and 
to the two left-hand 
terminals, to which the 
two supply mains are 
brought, the circuit 
mains of the insttvlla- 
tion being connected 
to the remaining two 
terminals. A diagram 
of connections for the 
three-wire meter with 
five tcnuinals is also 
given in Fig. 36. In 
this type the armature 
circuit is connected between one of the outer supply mains and the neutral 
conductor, so that it is subjected to the pressure on one side only of the tliree- 
wire system. In their three-wire meter with the four binding-posts the 
armature circuit is also made within the meter, and is between the two outer 
conductors, so that the total pressiu-c of the three-wire system is used in this 
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case. The arrangement of the four terminals is exactly the same as in the 
two-wire four binding-po«t type, no neutral connection being required. 

By means of a * visual' bearing, described and illustrated in Chapter 
XIII., the detachable spindle pivot and the jewel can be very readily and 
easily inspected without stopping the meter. The detachable pivot is retained 
in the lower end of the spindle by magnetism, the spindle being magnetised 
for this purpose. 

Some further important improvements have been carried out by this 
company. One of these relates to an entirely new method of connecting the 
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armature with the commutator segments without having to resort to the 
soldering iron. In this manner new armatures may be placed in the meter 
with very great ease, avoiding the necessity of having to take the meter out 
of service. A new commutator can in a similar way be substituted on the 
spindle without unsoldering or resoldering any connections between it and 
the armature. A s^Micial switching mechanism permanently connected to the 
armature places it in electrical commimication with the commutator. The 
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two are mounted together, and can be moved as a whole axially along the 
shaft, so that coiniection between the commutator segments and the armature 
is readily broken or made. This improved method of connection is illustrated 
in Figs. 37 and 38. Fig. 37 is a view^ of the armature and shaft with the 
brake disc removed, showing the commutator and armature connected for 
ordinary working conditions. In Fig. 38 the connection between the 
armature and counuutator is shown broken, the armature hub having been 
lowered on the shaft for this purpose. The pivot has also been slightly with- 
drawn from the end of the shaft in this view. The ends of the armature coils 
are soldered to spring contact fingers, arranged in the form of a cone, and 
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mounted on an insulated conical support on the extension of the armature 
hub. The commutator segments are correspondingly extended, so that When 
electrical connection is established they press upon the armature terminals, 
which are flexible, and so give a good and reliable contact. The armature hub 
is securely locked on the shaft by means of two set screws, at right angles to 
one another. The shaft is made in sections, and the upper part carrying the 
commutator screws into the body of the shaft, from which it is removed by 
unscrewing it. When it is desired to renew a commutator, armature, or both, 
it is first necessary to loosen the armature on the spindle and lower it imtil 
contact is broken, as in Fig. 38. This is done in a few seconds by inserting 
a screwdriver between the armature coils and slightly releasing the two set 
screws. The commutator portion of the 
shaft can now be unscrewed and the arma- 
ture removed if necessary. 

On replacing these parts, the armature 
is first slipped on the shaft and lowered, 
the commutator is screwed into position, 
and the armature is raised imtil proper 
contact is again made, when the armature 
hub is once more locked. 

The worm portion of the shaft is also 
made detachable, and is removed by simply 
unscrewing it at the knurled portion pro- 
vided for this purpose. Further details of 
the shaft will be found in Chapter XIII. 

The Vulcan Meter, made by the Com- 
pagnie Anonymc Continentale poiir la 
Fabrication des Compteurs, Paris (Geipel 
& Lange, London), is very similar to the 
ordinary Thomson meter. 

It differs from it in a few essential 
details. The armature consists of four coils, 
wound on ebonite formers, and the com- 
mutator is made of pure platinum seg- 
ments, mounted on ebonite, with air insula- 
tion between them, and each brush is com- 
posed of four silver wires. The commutator 
and brushes are arranged at the top of the 
meter, and are protected by an independent 
commutator dome, easily detachable from 
the main cover of the meter (Fig. 39). They can, therefore, be very readily 
inspected, and cleaned if necessary. 

A departure is made from the usual manner in connection with the 
Foucault brake system. Ordinarily a horizontal disc is employed, which rotates 
between one or more magnets, with the magnetic axis vertical. 

In this meter a copper cylinder is used, which revolves between the poles 
of a series of vertically supported magnets, with their magnetic axes at right 
angles to the surface of the cylinder. In the illustration of this meter m 
Fig. 40 the arrangement is shown with ten magnets; in the latest type, 
however, four magnets only are being used. The adjustment of the brake is 
carried out in a manner different from that usually employed. Generally, 
the magnets are so mounted as to admit of sufficient displacement relatively 
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to the disc for alterations to be made in the speed of the meter. In this case 
the magnets, after being once fixed, cannot be altered. The brake cylinder is 
moved axially, so that it penetrates more or less into the polar gaps according 
as the speed is to be diminished or increased. The hub of the cylinder is 
screwed for this purpose, and the portion of the shaft which carries it has a 
screw thread on it, so that the cylinder can be quickly and easily rotated up or 
down along the shaft, affording a rapid method of obtaining a fine adjustment. 
The hub is locked with a small set screw, when the adjustment is complete. 

Idle running is prevented by a small piece of soft iron on the brake 
cylinder. When the armature revolves under the action of a current in the 
main coils, the presence of the iron produces no effect. When current ceases, 

however, the armature rotates until the iron 
on the cylinder is between two magnets, in a 
position such that the resultant action of the 
magnets upon it coimterbalances the driving 
torque due to the compomid winding, and 
further rotation is arrested. 

The compounding coil consists usually of 
one turn, and is situated in one of the main 
field coils. 

The voltage across the armature brushes 
is comparatively high, amounting to twelve 
volts, but no sparking is experienced. The 
whole meter is insulated from the base by an 
ebonite bed, and the resistance in series with 
the shunt is wound on four bobbins and sub- 
divided into eight coils. 

The Eclipse Meter. — The Luxsche In- 
dustriewerke, Munich, Germany (G. Braiilik, 
London), in their meter known in this country 
as the * Eclipse' meter, use an open-coil 
armature consisting of three coils, with an 
angle of 120 degrees between them, as in the 
well-known Thomson-Houston arc light dyna- 
mo, in contrast to the closed-coil drum-wound 
armatures in most meters. With this con- 
struction the full shunt current flows through 
the coils, whereas in closed-coil armatures 
having parallel windings only half the shunt 
current flows through them. 
Hence, all other conditions remainhig the same, the turning moment will 
be much greater. 

In addition, a three-part commutator only is necessary, and can, in 
consequence, be made of much smaller dimensions. Brush friction is 
considerably reduced hereby, a matter of importance at low loads, as the 
accuracy in this region is largely influenced by this source of frictional 
disturbance. Sparking at the brushes, when an armature coil is cut out 
during a revolution, is avoided by attaching a small short-circuited winding to 
each of tlie three armature coils. When a coil is cut out during the rotation 
of the armature, the field due to the coil disappears, and in disappearing 
induces an E.M.F. in the coil. This gives rise to a sudden extra rush of current, 
which is dissipated in the short-circuited winding and no sparking occurs. 
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An illustration of the meter is given in Fig. 41, and represents the 
standard * Eclipse ' type for both two- and three-wire circuits. For two-wire 
circuits up to twenty amperes the meter is slightly modified (Fig. 42) ; one 
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main current coil only is used, and the adjustable compensating winding is 
then separately mounted on one side of the armature, instead of being placed 
within a series coil as in the larger type. 

The thin iron partition alK)ve the brake magnets servos not only to 
shield them from the influence of the 
main coils, but also to support the brush 
gear. 

Fine silver-wire brushes are used, 
and are carried on small rods passing 
through slots in two terminal posts, 
which are mounted on and insulated 
from the shield. The rods are held in 
position by screws, and the brushes can 
be very easily tui justed and removed for 
inspection. 

Mix & G^nest Direct Current 
Energy Meter. — In the watt-hour motor 
meter, type A.G., Fig. 43, manufactured 
by Mix & Genest, Berlin (the Inter- 
national Electric Company, London), an 
oval-shaped armature is used, having 
two windings only. The two coils are 
wound in planes at right angles to 
one another, and their four ends are 
brought to a four-part commutator. 

The two windings are connected direct to the conunutator segments, but are 
joined to each other through an auxiliary resistance mounted with the 
armature on the spindle. The usual high resistance in the pressure circuit of 
the meter is also used. Another feature of the connection between the 
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armature and the commutator is that the segments of the latter are extended 
through the hollow shaft and soldered to the ends of the coils, well within the 
armature. The object is to dispense with the small connecting wires, which 
would otherwise be necessary, and which are often a source of considerable 
trouble. The commutator is exceptionally small, being at its working part 
about a couple of millimetres in diameter. Brush friction is hereby much 
reduced. The segments are made of special silver alloy, and are held in, but 
carefully insulated from, small brass collars, which are mounted on the 
armature shaft. Between these collars is the part of the commutator on 
which the brushes bear. They are three, in number, and are composed of 
silver ribbon, slightly rounded at their bearing ends. Two of the brushes 
press on the same side of the commutator, the one slightly in advance of the 
other. They are insulated from one another at the brush terminal, but are 
connected together through a small resistance, their junction being connected 
to a shunt terminal in series with the external high resistance and a small 
non-creeping device. The third brush bears on the opposite side of the 
commutator, and is connected direct to the other shunt terminal of the meter. 
By means of this arrangement of the pressure circuit, sparking at the brushes 
is completely avoided. 

The armature is arranged symmetrically between two main current coils, 
which are held in massive gun-metal supports. Either coil can be easily 
removed to permit inspection of the armature and commutator. 

The brake torque is provided by two permanent magnets, adjustably 
mounted, and a light aluminium disc, which rotates between their poles. The 
magnets are protected by a thin iron shield from any disturbing eflfect of 
currents in the main coils. 

To prevent shunt- running, and supplement the driving torque on the 
armature at light loads, a tiny electro-magnet is used, the coil of which is 
energised by the pressure current. The keeper of the electro-magnet, 
consisting of a couple of thin rectangular iron plates, is mounted on the 
armature shaft, and rotates between the poles of the electro-magnet. The 
effect produced on the meter shaft by this device is regulated by means of a 
small screw, the poles of the electro-magnet being separated or drawn nearer 
together by its aid. In the view given of the meter the resistance of the 
pressure circuit has been removed, and the non-creeping de\'ice will be seen in 
front of the two main coils. Although the meter starts with one-half of 1 
per cent, of full load, creeping does not occur with a 50 per cent, increase of 
the voltage above the normal. The meters are provided with two shunt 
terminals, so that the shunt circuit can be isolated for testing purposes, and a 
very complete subdivision of this circuit of the meter is employed. 

Siemens-Schuckert Continuous Current Motor Meter. — The Siemens- 
Schuckert Werke, Berlin (Siemens Bros. & Co., Ltd., London), manufacture 
four types of continuous current motor meters on the electro-dynamometer 
principle, without iron in either the armature or the field. They differ 
principally in the number and position of the main current coils. Two of 
these, their GB and GK types, are included in this chapter, and illustrated 
in Figs. 44 and 45 respectively. 

The GK meter is used only for the registration of small currents. The 
general arrangement of each form is clearly shown in the illustrations. In 
the small meter one main current coil is employed, whereas there are two in 
the larger type. The armature is ball-shaped and drum-wound, and is con- 
nected to a silver commutator, on which bear easily detachable silver- wire 
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brushes. An adjustable compensating coil is fitted to the meter, and is 
situated within a main current coil in all the forms except the GK type, in 
which it is arranged inclined to the armature and above it. A coppe/ brake 
disc rotating between the poles of either one or more brake magnets forms the 
brake system, which is shielded against any demagnetising action of short- 
circuit currents by means of a sheet of iron. 

The revolutions of the armature are conveyed in the usual manner to the 
clock train of an integrating mechanism. 

To prevent idle running on the shimt alone, without any current in the 
series coils, under the influence of vibration, or shock, or increase of pressure, 
a small iron wire, designated a brake pin, is attached to the meter spindle 
above the brake disc. It is attracted by the steel magnets, and prevents 
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motion due to very small driving forces, but it is adjusted to allow the meter 
to readily start at 2 per cent, of full load. 

Elimination of rriction. —In the preceding descriptions it will be noted 
that the usual method adopted to neutralise the effect of friction is to correct 
for it by means of a starting coil traversed by the shunt current, and so 
arranged that its magnetic field assists that due to the main current coils. 
In this manner a more or less effective compensation can be applied. The 
difficulty lies in the fact that friction at low loads is not constant, but is a 
variable quantity. Another disadvantage is the tendency of the meter to run 
on the shunt alone. The magnetic field due to the compensating coil is 
always present, as the shunt circuit is always energised, and a constant turning 
moment is being continually exerted on the armature, although there may be 
no current in the main coils. A small increase in the voltage, slight vibration, 
or a jar will often be quite sufficient to start a met^r. In consequence, a non- 
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creeping device is introduced, most commonly in the form of a light piece of 
iron wire on the brake disc, which prevents the meter from starting below 
1 per cent, to 2 per cent, of the maximum load. 

The problem of obtaining a straight line law can be almost solved, without 
the use of a correcting coil, by eliminating as far as possible the sources of 
friction. 

A large driving torque should be used permitting a heavy magnetic drag, 
so that the work done by the meter in the generation of Foucault currents 
should be large in comparison with the work the meter has to do in over- 
coming the friction of the axle-bearings, the friction of the brushes on the 
commutator, and, lastly, the friction of the* counting train and gear connecting 
it with the motor axle. In other words, the ratio of the driving torque to the 
frictional retarding torque should be as high as possible, and the driving 
torque per unit weight of the revolving element should also be large. The 
driving torque, per se, affords no criterion of the behaviour of a meter under 
working conditions, and is no guarantee of the retention of its original 
accuracy. The weight of the revolving element, and, if possible, the 
frictional retarding torque,' should also be stated, together with the driving 
torque and shunt loss at the particular voltage. All these figures have a 
definite relationship to one another, and in making a comparison of meters 
it is essential to know them all. 

The Evershed FrictioDless Motor Meter. — Mr Evershed, in his frictionless 
motor meter, manufactured by Evershed & Vignoles, Ltd., London, uses the 
method of removing the various causes of friction, and has succeeded in 
reduchig the latter quantity to an even smaller value than 3 dyne-centimetres. 
He attains this end in the use of several ingenious devices. 

A magnetic suspension of the entire revolving element is used, and a top 
bearing is entirely dispensed with, the axle being held in position magnetically, 
i.e. magnetically pivoted. The brush friction is reduced by the employment 
of a novel form of commutator having elastic segments, and by the use of two 
light and freely pivoted wheels as brushes. 

The friction of the counting train and gear is entirely removed from the 
meter axle. The train is driven by an electro-magnetic device, the speed of 
working of which is controlled by the speed of the motor without any mechanical 
connection between them. 

The working parts of Mr Evershed's meter are illustrated in Fig. 46. A 
mild steel axle a supports the armature A, the brake disc F, and the coils 
D^ Dj which actuate the counting train. 

The jewel cup in which the axle rests is shown at J ; its upper end has no 
mechanical support, but is maintained in position by the magnetic attraction 
of an iron rod R, which is magnetised by the brake magnets M M through an 
iron yoke Y and forms the supporting pole. The distance between R and the 
end of the axle is adjusted by screwing R in the yoke Y until the vertical 
force nearly suffices to lift the whole weight of the armature, brake, and other 
parts attached to the axle. K is the commutator placed beneath the armature ; 
bb are the wheel brushes. The latter are pivoted in frames fixed on an 
ebonite base E. The commutator segments are fine iridio-platinum wires, 
supported at one end in an ivory collet, and entirely free at the other end, 
where they impinge and roll on the brush wheels. The pressure circuit is 
led to the brush wheels through their frames, and the step-bearing of each 
wheel consists of an iridio-platinum pivot resting on a flat plate of the same 
metal. The armature is arranged astatically, and is divided into two equal 
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portions, placed one above the other on the axle. A dmm-windihg is used for 
the armature, a break being made, in the ordinary course of winding, in each 
parallel, in order to insert the two little coils I), and D^- 
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D, is in series with one of the two parallels of the drum-winding and 
Dg in series with the other. They are consequently each traversed by one-half 
of the whole armature current ; and as they form electrically a part of the 
armature circuit, the current in them is reversed twice in each revolution of 
the axle. The currents in Dj and Dg are such that they reverse at the same 
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instaut and flow in the same direction. Surrounding the train coils Dj and Dg 
but not touching them is a ring of soft iron P, forming part of an iron lever 
L, mounted on a horizontal axle />. L is magnetised by induction from one of 
the brake magnets, the iron bar G completing the magnetic circuit between 
S and n. P rocks up and down as the currents in the main coils periodically 
reverse, causing L to make a complete oscillation on its axis in every revolu- 
tion of the armature. The motion of the lever is limited by stops, and is 

communicated by means of a pawl to a ratchet 
wheel W, which is attached to the first axle of the 
counting train. It will be seen from the position 
occupied by the brake magnets relatively to the 
main current coils that it is impossible for any 
excess current to demagnetise them, as their field 
is at right angles to that of the main coils. 

Hartmann & Braun Motor Meter. — Messrs 
Hartmann <k Braun, Frankfort (the Union Electric 
Company, Ltd., London), manufacture a very 
simple meter, in which they obtain a high ratio 
between the driving torque and friction by minimis- 
ing the frictional resistances inherent to meters of 
this class. 

A single brush, with a three-part commutator 
of small diameter and a light revolving element 
weighing about 100 grammes, form the character- 
istic features by which they attain this end. 

Experiments prove that brush friction is the 
most fruitful source of trouble in conimutator 
motor meters, and is a maximum as the brush 
passes from one commutator segment to the next. 
This passage takes place three times per revolu 
tion per brush on a three-part commutator, so that 
in this case the frictional disturbance is consider- 
ably less than in an ordinary Thomson meter with 
two brushes and eight commutator segments. 

With the arrangement adopted, the total 
friction is so considerably reduced that no com- 
pensating coil is required, exerting a continuous 
turning moment on the armature, both when 
current is and is not flowing in the main field coils. 
The special connections adopted for the arma- 
ture circuit permitting the use of a single brush 
are shown diagram mat ically in Fig. 47. 
The armature is composed of three coils, a, &, c, which are arranged at an 
angle of 120 degrees with one another. In conjunction with the armature 
coils, three resistances u\ , to.^ , and w^ are used, each coil being in series with a 
commutator segment and a resistance. 

The free ends of the coils, as well as those of the resistances, are joined 
together, and the common junction of the armature windings is insulated 
from the spindle. The current entere the armature circuit at the point of the 
common connection of the resistances with the armature spindle by means of 
a light spring which presses on the latter. It is conducted away by the one 
brush on the commutator. 
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The armature coils are all similarly wound from the commutator, and 
current flows in them so that two are always polarised in the same sense, 
whereas the third, in which the current is double that in the other two, is of 
the opposite polarity. The total current in the armature remains practically 
constant during a revolution, and only increases by a very small percentage 
at the moment when the brush is making simultaneous contact with two 
segments. 

The meter itself is illustrated in Fig. 48. 

It consists of the armature and resistances, a main current coil, the usual 
magnetic brake, situated at the top of the instrument, and a counting 
mechanism with springing figures. The • 
resistance coils connected to the arma- 
ture windings weigh only about 5 per 
cent, of the total weight of the mov- 
ing system, and they are therefore 
mounted with the armature on the 
spindle. The resistances used in the 
pressure circuit to keep the current in | 
the armature low are wound in sections 
on bobbins fixed to the meter base on 
either side of the counting mechanism. 
In the two-wire meter only one main 
current coil is used ; the whole instru- 
ment is exceedingly compact, and its 
parts are readily accessible. The top 
spring connection is protected by a 
small shield, and the brush and the 
commutator are clearly shown in the 
illustration. No compensating coil is 
employed, but two small electro-mag- 
nets produce a supplemental torque for 
equalising the whole driving torque. 
As already indicated, with the special 
armature connections adopted, one 
armature winding always carries 
current of double the strength of that 
flowing in the other two coils, and each 
electro-magnet is so arranged that the 
torque it exerts acts in a positive sense 
on this coil, and only at the moment 
when the reversal takes place, i.e. when the brush is leavhig the segment 
joined to this coil. The sphere of action of each clcctro-magnet is thus 
limited to one coil, so that shunt nnuiing is completely prevented. 

The two electro-magnets — iis will be seen in the illustration of the meter 
— are in front of and on either side of the armature, and are supported on 
springs attached to the uprights on each side of the main field coil. 

They are further so arranged that they cixusc the meter to run com- 
parjitively faster at low loads than at full loads. With this improvement 
their meter, when new, will run somewhat too fast, so that in case the 
friction should increase during long-continued use, it will show a better and 
not a worse agreement between the constants at the low and high loads. 
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CHAPTER V. 

GONTIKUOUS GTJBBENT ENEEGT METEES OF DIFFERENT 

TYPES. 

Aron Clock Meter — Electrical Company's Oscillating Meters — Acme Meter — Deutsch- 
Russische Meter — Peloux Meter — Bmsli Sangamo Mercury Meter— Hookham Mercury 
Meter. 

In the present chapter are included descriptions of some direct current 
energy meters, which, although based on the well-known electro-magnetic 
principle, differ in many essential details from the energy motor meters 
ipcluded in Chapter IV. Many of these meters are typical of distinct classes, 
and in some cases are the only representatives in commercial use. 

The Aron- Clock Meter. — The most successful clock meter in use at the 
present day is the well-known Aron watt-hour meter, invented by Dr Aron, of 
Berlin. Only the latest form, embodying the most recent improvements, is 
here described. The principle of the Aron meter is the same as that employed 
in all continuoiis current energy meters, with the difference that the electro- 
magnetic interaction between the currents in the stationary and movable 
coils is not used to produce motion, but to influence an already existing one — 
in this case, the swing of a pendulum. 

The very simple mathematics illustrating the law of the meter is given 
on page. 2 o in the chapter on the theory of continuous current meters, 
from which it will be seen that the meter depends on the difference in the 
rates ot oscillation of two pendulums. The meter readings are not in any way 
dependent on the actual speed of either pendulum, but only on the differences 
in speed produced by the passage of a current in the circuit to which the 
meter is connected. In the earlier forms one pendulum only was accelerated 
by the current, while the other simply oscillated at the normial rate, acted 
upon by the force of gravity alone. 

A greater sensitiveness and range are, however, obtained by arranging 
both pendulums so that each is influenced by the current, as in the present 
type, the one benig accelerated and the other retarded. Distinct from the 
older patterns, the axes of the different coils are all vertical. 

A general view of the two-wire house-meter, with the cover removed, is given 
in Fig. 49. Fig. 50 illustrates the arrangement of the pendulum P with 
pallet 2h escapement wheel E, and potential coil C. 

Each pendulum carries a potential coil, energised by the stipply voltage, 
and swings above a stationary mahi current coil. The two pendulum coils 
are connected together in series and with resistances, to reduce the voltage 
across their terminals and keep the shunt current low. They are similarly 
wound, and are each traversed by the shunt current in the same direction. 
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The two main current coils are also in series with one another, but are 
wound in opposite senses, so that the main current flows in one in a clock- 
wise and in the other in a covmter-clockwise direction. As each pendulum 
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coil presents the same polarity to the series coil above which it oscillates, 
and the two series coils are oppositely polarised as regards one another, the 
result is a retardation of the one pendulum and an acceleration of the other. 
The difference in speed thus produced is pro- 
portional to the power in watts, and is con- 
tinuously integrated by means of a differential 
gear and counting mechanism, in every way 
similar to the method employed in the earlier 
meters. The differential gear is illustrated 
in Fig. 51, and the parts are shown in Fig. 
52. It consists of two side wheels Wj Wg 
nmning loose on their shafts, and driven in 
opposite directions by the two clocks at 
^eds respectively proportional to the rates 
of swing of the two pendulums. Between the 
two wheels, and gearing with them, is mounted the planet wheel Wj at right 
angles to their planes, and carried on a spindle rigidly attached to the main 
horizontal axle A. So long as no difference in speed exists between the two 
wheels W^ and Wg the planet wheel W3 will merely revolve on its own axis, 
but as soon as one wheel goes faster than the other it will turn round and 
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carry with it the counterpoises G and the main axle A. The motion of the 
main axle is communicated to the train of wheels moving the pointers on the 
dials, which sum up the differences in speed and indicate in the usual manner 
the amount of energy consumed in B.O.T. luiits. The clocks are made self- 
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winding by^means of an electrical winding gear, removing the disadvantage, 
inherent to*the earlier meters, of the necessity to periodically wind up the 
clocks. Withoutjthe electrical winding arrangement, it was essential to wind 

up the clocks about once a month, 
as otherwise the clocks would stop, 
and the record with them. 

A front view of the gear is 
shown in Fig. 53, and the three 
Figs. 54, 55, and 56 are diagram- 
matic representations to illustrate 
its working. 

The power spring S (clearly 
seen in Fig. 54) controls the two 
clocks, and is wound up every 
thirty seconds by means of an 
electro-magnet M.. The armature 
of the electro-magnet consists of 
a Z-shaped piece of soft iron N, 
pivoted between the poles. At^ 
tached to the armature at R is 
the spring S, the other end of 
which is secured to the magnet 
frame at F. The winding gear in 
its normal position before the spring 
is wound up is shown in Fig. 54. 
The electrical circuit is indicated by the dotted line A, and is opened and 
closed at the contact pin X ])y means of a special switch K, which is pivoted 
at I). When the circuit is closed and current passes, the coil of the electro- 
magnet becomes energised. The armature N is then attracted and is rotated 
clockwise through about a quarter of a revolution, carrying with it the power 
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spring S, which is thus wound up. This condition with the spring fully 
wound is shown in fig. 55. 

Simultaneously the pin X, which is fixed to the armature, is turned roimd 
and opens the switch, the insulated right-hand arm of which now rests on the 
pin instead of the silver contact plate Cp, to which the other end of the 
circuit is joined at D. 

As the spring imcoils it brings back the armature, and with it the pin X. 
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Fig. 54. 



When it reaches the normal position, contact between X and Cp is again 
established and the circuit closed. 

A small amount of surplus power is left in the spring, so that a rubbing 
contact is always obtained between the plate Cp and the pin X. In addition, 
a quick make and break action is given to the switch by the spring O. This 
spring is fixed to the switch above its point of rotation, and pulls it sharply 
on or oflF, according to the position of the switch relatively to its pivot D. 
The whole switch gear is mounted on rubber to render the operations of open- 
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ing and closing the circuitn as noiseless as possible. The contact plate Cp is 
carried by a flat spring attached to its arm. 

The driving spindle Z is actuated by the power spring S through a ratchet 
wheel and two pawls, shown in Fig. 56. The ratchet wheel is keyed to the 
driving shaft, and, while the spring is being wound up, is held in position by 
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the upper pawl P, which is fixed to the magnet frame. As the spring un- 
winds, the ratchet wheel is driven round by the lower pawl Pj on the 
armature. In order to enable the two clocks, going at different rates, to be 
driven by one mainspring, a second differential gear, precisely the same as 
that already described, is introduced. 

It has been explained how the differences in speed between the two 
pendulums are transmitted to the counting train ; and consequently any 
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want of synchronism between the pendulums, when no current is flowing in 
the main coils, would be registered on the meter dials either one way or the 
other. 

This effect is neutralised by introducing a reversing mechanism, Fig. 57, 
which at regular intervals of ten minutes causes 
an extra wheel to be placed in or out of gear 
between the differential wheel and the counting 
train, reversing the direction of rotation of the 
latter. 

Referring to Fig. 57, Dj is the driving wheel 
on the differential gear which actuates through 
the intermediate set of wheels the first motion, 
wheel Dg of the integrating dials. 

Acting alone, this reversing mechanism 
would also destroy the differences of speed 
produced by the passage of a current, so that 
a commutator is employed in conjunction with 
it. This commutator, simultaneously with the 
action of the reversing mechanism, reverses the 
current in the pendulum coils, causing the 
retarded penduliun to be accelerated, and the 

accelerate one to be retarded. The commutator C, illustrated ip Fig.\58, 
is mounted on an axle which carries on its front end the cam C,. By means 
of the pin attached to this cam the wheel work of the reversing gear is 
controlled. Both mechanisms are driven by the main power spring, but a 
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small intermediate spring produces the quick action necessary to work the 
commutator. It is wound up and suddenly released every ten minutes, 
rotating the commutator through half a revolution and operating the revers- 
ing lever. 

The meter is unaffected by external magnetic fields. This result is due to 
the two potential coils on the pendulum bobs being similarly wound, and 
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being each traversed by the shunt current in the same direction. Each 
penduhim is therefore influenced by the stray field external to the meter in 
exactly the same manner ; each is either accelerated or retarded. This will, 
however, not in any way influence the meter indications, as they depend solely 
on the difference in speed of the two pendulums, and not on the actual rate of 
oscillation of either. 

From the principle of the meter it follows that any current in the main 
coils, however small, will gradually accumulate a correct record on the dials. 

The energy expended in the shunt circuits amounts to a little over three 
watts for a 200 volt meter. 




Fig. 59. 

The Aron meter is equally accurate on direct and alternating currents 
For alternating currents, however, the winding gear, being highly inductive, 
must be wound to suit the periodicity of the circuit on which it is to be used. 

In the three-wire meter each main current coil is inserted in bne of the 
outer mains, and the pressure coils are connected in series across the whole 
three- wire system, the junction of tlie two volt coils being connected to the 
neutral wire. The Aron three-wire meter, therefore, mejusures tlie true energy 
consumption in the whole system when connected in this manner, however 
unbalanced the two sides may be, and whatever the nature of the supply 
current, in contrast to the ordinary three-wire energy motor meter, which only 
gives the true amount mider certain conditions. 
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The Electrical Company's OBcillating Direct Current Meter. — ^The 
continuous current watt-hour meter of the Electrical Company, Limited, 
London, has many characteristics distinguishing it from energy meters 
designed for continuous current work. In common with all these meters the 
same principle is used, but, by adopting a special device, an oscillatory motion 
is produced instead of one of rotation. 

The armature coil, which is in the pressure circuit, oscillates between two 
fixed points in the magnetic field of the main current coil. No iron is used in 




either the field or armature. CuiTent is conducted to and from the oscillating 
coil by means of two fine helical silver threads, and brushes and a commutator 
are dispensed with, entirely removing the frictional disturbances incident to 
their use. The meter is nuide in two parts, electrically but not mechanically 
connected — the meter proper, and a relay actuating the counting train. 

Fig. 59 is an illustration of the meter, type K.G., and in fig. 60 is given 
a diagrammatic sketch of the swinging system. 

H is the stationary main current coil, in front of which the armature S is 
mounted on the vertical axle A. The axle rests on a bottom ball-bearing. 
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flexibly supported, and has attached to it the contact arm K and the brake 
disc D. This disc, together with the permanent magnet M, constitutes the 
usual magnetic brake. The magnet is screened from any demagnetising 
action of the main current coil by a thin iron sheet, which further serves to 
carry the contact stops K^ and Kg. These stops limit the extent of the 
oscillation, and, in conjunction with the contact arm and the relay, reverse the 
direction of the shunt current in the armature coil in a manner to be described 
later. 

At F are shown the two helical silver conducting threads, which are of 
such a length that their torsion does not affect the swings. 

The relay is diagrammatically represented in Fig. 61. It is composed of 
two electro-magnets E^ and Eg , the common armature of which is fixed to the 
pivoted arm R. This arm establishes electrical contact alternately with each 
of two contact stops Cj and C^ according to which electro-magnet is operating. 

The rocking motion of R is communicated 
to the coimting train through a pawl s and 
a ratchet wheel r. 

The counting mechanism is of this com- 
pany's well-known cyclometer type, and its 
friction is completely removed from the oscil- 
lating meter axle in this manner. Further, 
the work expended in actuating the train is 
accomplished by the shunt current. 

No starting coil is used, and consequently 
the meter is free from running on the shunt 
alone. 

For very low loads, below one-tenth full 
load, the field due to the resistance coil on 
the right of the armature in the small type, 
Fig. 59, is used as a fine adjustment for 
friction in the calibration of the meter. The 
field of this coil is, however, so weak that 
with double the pressure it does not produce creeping. 

The action of the meter can best be followed from the diagram of the 
electrical connections given in Fig. 62. S is the oscillating armature coil, H is 
the main coil, r^ and r^ are the resistances used in the pressure circuit, and 
Kj , Kg , and K are the contact stops and contact arm of the meter proper. 
The relay circuit is shown in the same way, above the connections of the meter ; 
Ej and Eg are the two electro-magnets, and R is the rocking arm carrying the 
common armature, Cj and Cg being the two relay contact stops. 

In the position shown, the coil S is just about to complete its forward 
swing from left to right. 

The current in the shunt circuit is flowing from the + shimt terminal 
round Eg to the contact Cg. From this point it is passing down the armature 
coil S in shunt with the resistance r^ , and leaves by the - terminal after 
traversing the resistance rg in series with the second electro-magnet E,. This 
condition obtains until the arm K impinges on Kg at the end of the swing. 
The electro-magnet Eg is immediately short-circuited on itself, and the path 
of the current is through Kg and K into the armature coil S in series with 
both rg and E^. No current is in Eg , and the contact at Cg is broken by the 
arm R being pulled over by the attraction of Ej on its armature, when contact 
is made at C^ 
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The arm E now leaves the stop E^ due to the impact ; it does not strike 
the stop and leave it instantaneously. The actual contact is made by a 
platinum strip flexibly carried on the arm itself. The result is that contact is 
maintained just long enough to allow the relays to operate before the armature 
contact is opened. 

It will be seen that in this manner no part of the pressure circuit is broken 
under current, and that no sparking, with the consequent wear at the contacts, 
can occur. The moment E leaves Eg , the current is reversed in the coil S, 
which now executes a backward swing from right to left. At this stage the 
current takes the path from the + shunt terminal to Eg , in series with r^ It 
then flows up the armature coil in shunt with the resistance r^ and passes 
from the contact Cj round the electro-magnet E^ to the - terminal of the 
meter. As soon as E touches Ej the same cycle of operations is repeated, but 
reversed as regards direction, 
and the armature starts to swing 
again from left to right. 

It, of course, continues to 
oscillate backwards and forwards 
so long as a current is flowing 
in the main coil. During each 
complete oscillation the ratchet 
wheel on the first motion shaft 
of the counting train is ad- 
vanced through one tooth. A 
complete oscillation, i.e. the 
whole motion of the swinging 
coil in passing a given point 
twice in the same direction, cor- 
responds to a complete revolu- 
tion in a motor meter with 
continuous rotation. The num- 
ber of complete oscillations 
executed in a given time will 
be, in the same manner, pro- 
portional to the energy delivered 
in that time. 

The action of the meter is 
quite continuous, and is not 

intermittent as in meters with periodic addition, which form a class distinct 
in themselves. These intermittently registering meters are, however, not 
used at the present day. 

The meter is suitable for two- and three-wire continuous current circuits up 
to 100 amperes. Above this current the Electrical Company use their large 
oscillating meter, which is exactly the same in principle as the one just 
described. It differs from it in a few particulars. Two main current coils 
are used, and the armature, which is symmetrically supported between them, 
consists of two half coils oppositely wound, each of which is furnished with its 
own contact arm. Three helical silver threads are used in this type to 
conduct the current to and from the swinging coil. The relay and the counting 
mechanism are actuated in exactly the same way as in the smaller meter, but 
the windings of the relay magnets are in series with the two halves of the 
armature coil and the two resistances of the shunt circuit. 
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Two brake magnets are usually used. The general arrangement of a two-wire 
meter, type G, suitable for 800 amperes, is depicted in Fig. 63. The armature 
coil oscillates, as before, between two contact stops. During a swing from one 
extreme position to the other, only one winding of the armature is active, the 
other remains short-circuited on itself until this swing has been completed, 
when it becomes the active half, and the other, previously in circuit, is short- 
circuited on itself and remains inoperative until the armature again starts 
from its initial position. Figs. 64, 65, 66, and 67 show how this oscillatory 
motion is obtained, and represent diagrammatically the electrical circuits of 

the meter and relay. 

Fig. 64 gives the extreme position 
on the left, with the coil just about to 
swing from left to right. In all the 
figures the shaded portions indicate 
those circuits which are short-circuited . 
on themselves and do not carry any 
current. In this position the current 
flows through the right-hand electro- 
magnet in series with the left-hand 
winding of the armature coil and the 
two resistances. 

Fig. 65 shows the coil in the middle 
of its swing, the two electro-magnets 
being now in series with the same 
winding as in Fig. 64 and the two 
resistances. Fig. 66 is the extreme 
right-hand position. It will now be 
seen that the right-hand coil, which 
has remained short-circuited through- 
out this swing, is now operative, and 
that the right-hand electro-magnet 
winding is closed on itself. 

The current now passes through 
the right-hand coil in series with the 
resistances and the left-hand relay. It 
is, moreover, reversed in the armature, 
so that the armature coil will be re- 
pelled from this position and will swing 
back. Fig 67 corresponds to Fig. 65, 
but the current conditions are inter- 
changed as regards the windings. 
No starting coils are used in this type, and the meters do not register on 
open circuit. 

As in the small type, the resistance coil on the left of the armatui'e and 
field system (Fig. 63) supplements the driving torque for loads below one- 
tenth load, and this coil is adjustably mounted, so that its effect can be 
regulated in calibniting the meter. 

They readily start with 1 per cent, of the -maximum current, and the 
registration is made on this company's usual cyclometer counter. 

The meter is unaffected by external magnetic fields, as the two halves of 
the armature coil form an astatic combination. 

The *Acme' Direct Current Watt-hour Meter exhibits some novel 
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features of construction and arrangement. Its armature consists of an 
astatically arranged iron core, magnetised by a single stationary shunt coil and 
caused to rotate by two stationary main current coils. The relative position 
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of the shunt and main coils is well shown in the view given of the meter in 
Fig. 68. 

The utilisation of the iron armature enables a large torque to be obtained 
with a light revolving element. The hysteresis errors due to the use of iron 
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are small and do not affect the accuracy of the meter. The iron core is so 
constructed that the upper pole-piece, readily visible in the illustration, 
revolves inside, while the lower one revolves outside the field coils. Both 
pole-pieces are situated on the same side of the armature spindle and are in 
close proximitv to one another. This renders the instrument almost 
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completely independent of external magnetic influences. The work done by 
the meter is absorbed, in the customary manner, by eddy currents generated 
in an aluminium disc, which is supported at the upper extremity of the 
armature axle, and which rotates between the poles of a permanent magnet. 
The polarity of the shunt coil is reversed twice in each revolution of the 
armature by means of a special commutating device. This latter is composed 
of a laminated commutator mounted on its own shaft, supported on two 
special bearings. The commutator has no mechanical connection with the 

armature spindle. Both 
the commutator brushes 
are electrically connected 
to the stationary shunt 
winding, and the current 
is led to the commutator 
segments by two small 
contact blades which bear 
on them. The commu- 
tating mechanism is situ- 
ated on the right of the 
meter axle, and can be 
easily seen in the illustra- 
tion. 

Mounted on the com- 
mutator axle is a disc, 
carrying on its periphery 
a series of pins corre- 
sponding in number to 
the number of commuta- 
tor segments. 

Two semicircular discs 
are fixed on the armature 
spindle in line with these 
contact pins. After a 
semi-revolution of the 
armature, one of these 
half discs engages with 
one of the pins and 
rotates the commutator 
through the width of one 
segment. This action re- 
verses the current in the 
shunt coil. As the re- 
verse takes place at the dead point of the armature, its own momentum 
would not suffice to operate the commuti\tor. A small electro-magnet 
is consequently used to impart to it an auxiliary impulse. When the 
armature reaches the reversing point, a contact device, carried on the 
upper pivot of the main meter axle, places the electro-magnet in parallel 
with the shunt coil and a portion of the resistance which is in circuit with the 
latter. The electro-magnet is now energised, attracts its armature fixed to 
the main spindle, and tlius gives the meter armature the required additional 
momentum to carry it over the dead point and ensure the proper action of the 
commutator. At the same time it compensates for bearhig friction for the 
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half revolution. This supplemental impulse is given only in the position of 
minimum torque, whilst in the position of maximum torque the electro- 
magnet exerts no influence on the meter armature. During the greater 
part of a revolution the armature runs quite free, and the friction of the 
commutator, when the latter comes into operation, is overcome as explained. 

No sparking occurs at the moment of reversal, as practically no current 
then flows in the shunt coil. The counting mechanism is driven by a worm 
on the commutator axle, so that any frictional resistance due to it is removed 
from the main armature spindle. 

No compoimding or compensating coil, exerting a constant driving torque, 
is required, as most of the sources of friction are removed from the main 
meter axle, and are in great part compensated for. 

The Deutsch-EuBsische Direct Current Meter. — The continuous current 
meter, type E, manufactured by the Deutsch-Russische Elektricitatszahler- 
Gesellschaft, 19 Glogauerstrasse, Berlin, possesses many novel and character- 
istic features. The complete instrument, with the cover removed, is 
illustrated in Fig. 69. Both the shunt and the two main current coils are 
stationary, and the rotation of the meter 
spindle is effected by means of a so-called 
*reverser' armature, forming a light mag- 
netic needle permanently polarised by the 
shunt current. The counting mechanism 
is operated electrically by means of a relay, 
which, in a manner to be explained later, 
momentarily causes the reverser armature 
to return to its initial starting position, 
when it retraces its path afresh under the 
action of the main current. The meter 
spindle carries at its lower extremity a 
copper brake disc, which revolves between 
the poles of a permanent magnet and pro- 
duces the resisting torque to control the 
speed. The magnet is shielded from the 
disturbing influence of a short-circuit cur- 
rent by a sheet-iron partition between it and the left-hand series coil. A 
light revolving element is obtained in consequence of the arrangement 
adopted,' and the friction of the lower jewel is considerably reduced ; 
further, the friction of the counting gear is entirely removed from the meter 
spindle. 

No commutator and brushes are employed, so that brush friction is 
eliminated, and the one rubbing contact of the meter is only in operation 
momentarily when the relay is energised. Suitable resistances are used in 
the pressure circuit, and no sparking occurs at the contact. 

The principle of the meter will be readily understood by reference to the 
diagrams given in Figs. 70 and 71. 

Referring to Fig. 70, the reverser armature R, energised by the shunt 
current, rotates on the axle A under the action of the main current in the 
series coils H H. Theoretically, the armature would be turned through an 
angle of 180 degrees, from one parallel position to the meter base into the 
corresponding position, and would then stop. The directive force grows from 
a zero value, and reaches a maximum in the middle position at 90 degrees, 
when the shunt coil is at right angles to the main current field ; it then falls 
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Fig. 70. 



off and again reaches the zero value, when the armature is in the parallel 
position once more. For the operation of the meter only the fourth part 

of the possible angular motion is 
used, and in that part of the field 
22 J degrees on either side of the 
maximum. When the armature 
has turned through these 45 de- 
grees, two platino-iridium contacts 
Cj and Cg come together and close 
the relay circuit. The one contact 
is carried by the reverser arma- 
ture, and the other is attached to 
the pivoted armature of the relay 
E, which becomes energised. 

The armature of the relay is 
attracted and rapidly takes back 
with it the reverser armature R to 
its initial position. This return 
motion takes place so rapidly that 
an ammeter in the relay circuit is 
unable to follow quickly enough 
to indicate the current, and no 
irregularities in the speed of the brake disc can be detected. During the 
return action the relay cir- 
cuit is placed in parallel 
with the shunt coil, and in 
this moment the magnetisa- 
tion of the needle is sub- 
stantially weakened. This 
effectually facilitates the re- 
turn of the reverser arma?- 
ture in the main current 
field. 

When the starting posi- 
tion is reached, contact is 
broken, and the reverser 
armature is again turned 
through half a right angle 
by the main current and 
again impinges on the con- 
tact. This cycle of operations 
is then repeated, and the 
meter integrates continuous- 
ly the energy consumption. 
The armature is mechanically 
coupled to the meter axle A 
during the forwai*d swing 
by means of a ratchet and 
pawl. S is the ratchet wheel 
mounted on the meter spindle 
A, and is provided with eight teeth ; and F is the pawl attached to the 
revei-scr armature, ll^ch time the armature is returned to its starting-point it 
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gears with the ratchet wheel, and after eight pulsations the spindle, and with it 
the brake disc D, will complete one revolution. In the actual instrument, as 
already pointed out, the shunt coil does not move, as its weight would introduce 
too much friction on the lower jewel. In Fig. 7 1 is shown diagrammatically at 
Z Z the reverser armature actually used. It is a thin iron tube having two 
iron tongues ZZ, arranged the one 
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above and the other below the station- 
ary shunt coil n, which, when energised 
by the pressure current, polarises it 
as a magnetic needle, with its mag- 
netisation proportional to the supply 
voltage. On its upper arm it carries 
the pawl F, and • accomplishes the 
rotation of the spindle in the manner 
explained. At each reversal the arma- 
ture of the relay E drives the integrat- 
ing mechanism through a ratchet wheel and pawl. Current is led to the 
.contact C, by means of the spiral spring '7' (Fig. 71), which, in the actual 
instrument, is situated above the system near the meter cover, and also serves 
as a mechanical starting device to compensate for friction at low loads. 

A noteworthy feature of the meter is the ease with which this light load 
adjustment can be made with the meter in position and without removing the 

cover. . Fig. 72 is a sketch of the arrangement. 
A lever * 2 Ms pivoted on the meter cover * 1,* 
and can be sealed with the sealing screw *3.' 
By moving the lever on one side the hole ' 4 ' in 
the meter cover is exposed and gives access to 
the adjusting screw *5,' which is connected to 
the spiral starting spring * 7 ' by means of the 
insulating piece ' 6.' The tension of the spring 
is altered by the adjusting screw. If the screw 
be turned clockwise, the spring will compensate 
* for the friction, and the meter will start more 
readily. If creeping should occur, turning the 
screw counter-clockwise will prevent this shunt 
running. Only a very small motion is required, 
the displacement of the screw-head through one 
millimetre producing an alteration in the start- 
ing of about 1 per cent. 

The Felons Meter, manufactured by the 
Siemens-Schuckert Werke, is illustrated in Fig. 
73. Four shunt and two main current coils are 
used, all of which are stationary. The revolving 
armature consists of two Z-shaped soft iron cores, 
mounted together on the meter axle and turned 
through a right angle relatively to one another. These iron cores are mag- 
netised in turn by each of the four shunt coils. The commutator is 
stationary, and is supported on an insulated carrier at the top of the meter. 
It has a contact pin, and is composed of four segments, each of which is 
connected to one end of a shunt coil. 

The brushes are mounted on, but insulated from, the armature spindle 
and rotate with it. The one brush bears on the commutator and the other on 
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the contact pin. The remaining ends of the shunt coils are connected 
together, and their common junction is joined through a suitable resistance to 
the positive shunt terminal. The negative shunt terminal is connected to the 
contact pin of the commutator. 

The electrical connections of the meter are given diagrammatically in Fig. 
74, from which the arrangement of the shunt coils and the Z-shaped 
armature cores will be readily recognised. 

One shunt coil is operative at one time only, and when energised by the 
shunt current the interaction between its magnetic field and that due to the 
main current causes the armature to turn 
through an angle of 90 degrees. Each 
coil acting in succession will, therefore, 
cause the armature to rotate continu- 
ously. 

The work done by the meter is ab- 
sorbed in the usual magnetic brake. No 
sparking occurs at the brushes, as each 
shunt coil has a high non-inductive resist- 
ance in parallel with it, as shown in the 
diagram (Fig. 74), in which the extra cur- 
rent is dissipated on opening the circuit of 
the shunt coil. 
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These shunt coils are somewhat eccentrically placed roimd the meter axle, 
and this eccentricity can be altered, so as to increase or decrease the auxiliary 
starting torque which this arrangement gives. On account of the use of 
iron a high driving torque is obtained, and the shunt loss is correspondingly 
small. 

A modification of the electrical connections of the pressure circuit and the 
commutator is also used, shown diagrammatically in Fig. 75. With this 
method two shunt coils are always energised in series, by means of which a 
considerably increased driving torque is obtained, amounting to one and a half 
times that obtainable with the older method just explained, and the shunt 
losses are slightly smaller. 
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The Bnish-Sangamo Mercury Motor Meter.— The Sangamo Electric 
Company, Springfield, Illineis, U.S.A., manufacture a very interesting 
mercury motor energy meter, which is being placed on the market in this 
country by the Brush Electrical Engineering Company, London. The chief 
characteristic features of this meter are the absence of a commutator, brushes, 
and permanent magnets, the methods employed in adjusting the meter at the 
high and low loads, and the impossibility of spilling any of the mercury. 

The rotating element consists of a heavy copper disc immersed in a mercury 
bath contained in an insulated chamber, in the lower half of which are im- 
bedded the soft iron poles 
of the laminated shunt mag- 
net. The shunt flux is 
produced by two pressure 
coils wound on the vertical 
limbs of the shunt magnet, 
clearly shown at the front 
of the meter below the 
integrating train (Fig. 76). 

The lines of force of the 
shunt field pass from one 
pole to the other through 
a soft plate above the disc, 
and carried on the upper 
side of the disc chamber ; 
in this manner the field 
cuts the copper disc twice 
in opposite senses. A driv- 
ing torque proportional to 
the power is thus exerted 
on the disc by the inter- 
action of the shunt field 
with the main current, 
which flows diametrically 
across the disc, and which 
is conducted to and from 
the mercury bath by copper 
contact ears imbedded in 
the disc chamber. These 
contacts are connected by 
milled - headed adjusting 
nuts to flexible leads carry- 
ing the main current. The 
retarding torque, proportional to the speed, is prodiiced by the Siime shunt 
flux, and the usual permanent magnets are dispensed with for this pur- 
pose. It will be seen that the retarding torque is proportional to the 
square of the voltage, so that pressure variations above and below the nonnal 
affect the accuracy of the meter. This company supply a voltage regulator 
to compensate for any voltage fluctuations. It consists of a small electro- 
magnetic device at the back of the disc chamber, and it compensates for the 
voltage fluctuations by automatically varying the distribution of the main 
load current between the armature and a shunt round the disc box. 

The regulator is, however, not embodied in the meter, as the Sangamo 
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Electric Company have not found it necessary to use it on the average 
constant-pressure direct-current supply circuits in America, and these meters 
are all calibrated at the average normal voltage for which they are to be used. 
The disc is mounted on a shaft, the revolutions of which are conveyed to 
the integrating train in the usual manner. Owing to the upward pressure of 
the mercury on the disc, the shaft is slightly counterweighted. The weight 
used is less than the upward thrust on the disc, so that there is always a slight 
upward pressure against the flat jewel in the upper bearing of the meter. 
This upper bearing is furnished with a fine screw adjustment to give the 
disc the requisite amoimt of lift. A series compensating coil, wound on the 
bottom yoke of the shunt magnet (Fig. 76), is used to compensate for mercury 
friction at the full load speeds. 

The heavy load adjustment is made by altering the position of the milled 
headed connecting nuts on the copper disc ears (Fig. 77). This alters the 
distribution of the current in two paths in the disc, producing different torque 
effects. 

A novel light load or friction compensation is used. A portion of the pressure 

current is shunted through the arma- 
ture disc by means of a high-resistance 
rod, which is connected between the two 
main current terminals of the meter, 
and on which is a sliding connector, 
joined to one end of the pressure coils 
in series with one another, the other 
end of which goes to the shunt ter- 
minal below the shunt magnet. By 
varying the position of the slider, the 
value of that part of the pressure 
current which traverses the armature 
disc is altered, and so the supplemental 
torque which this current exerts with 
the shunt field may be adjusted for 
light load friction. It will be seen 
that a very convenient, rapid, and 
accurate adjustment is obtained, giving a range from zero up to the maximum 
torque produced by the shunt current flowing through the disc. 

The whole of the main current in the 5 and 10 ampere sizes flows through 
the disc and series compensating coil. In the large capacity meters a shunt 
resistance is used, so that only a definite proportion of the total current tra- 
verses the disc. In a 25 ampere size, 10 amperes pass through the disc at full 
load and the remainder through the shunting resistance. For currents ex- 
ceeding 50 to 100 amperes, the current shunt is supplied in a separate cast- 
iron box. 

At the opening in the disc chamber through which the spindle passes to 
the upper bearing is a pocket which surrounds the opening. When the 
meter is turned upside down the mercury runs into this pocket, so that it is 
impossible for it to be spilled, and when it is again placed in the •upright 
position the mercury returns to the disc chamber. The speed of the meter is 
readily checked, as the rotation of the armature is indicated by a small hand 
attached to the shaft (Fig. 77), above the aluminium cap on the disc chamber, 
and can be easily observed through a small window in the top of the meter 
case. 
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Chamberlain & Hookham Mercury Motor Meter. — Messrs Chamberlain 
& Hookhani, Ltd., Birmingham, also manufacture an energy motor meter of 
the mercury type, the armature of which is similar to that used in thei 1902 




ampere-hour meter. It consists of a copper cylinder immersed in a mercury 
bath, contained in a chamber bored out of an ebonite block, in which are im- 
bedded the two conducting strips by which the current is led to and from the 
mercury. The torque is produced by the interaction of the magnetic field of 
a shunt electro-magnet with the main current flowing in the armature. 
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The electro-magnet consists of a straight core, which is built up of a series 
of iron washers, with insulation between them. The core carries the shunt 
energising coil and terminates in a soft iron pole-piece, which projects up in- 
side the armature and supports the bottom pivot of the spindle, on which 
latter is mounted an aluminium brake disc. 

The disc rotates between the poles of a couple of permanent magnets, and 
produces with them the retarding torque proportional to the speed. The 
shunt magnet has only one pole-piece, there being no external pole outside 
the armature. The lines of force return to the magnet core through the air, 
so that the flux produced may respond effectively and rapidly to changes in 
voltage. 

In Fig. 78 is given an illustration of the switchboard type for currents 
above 50 amperes, provided with a separate shunt. 
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- The charge and discharge of a storage battery are measured by means of 
ordinary continuous current quantity or energy meters. Preferably, quantity 
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Fig. 79. 



meters reading in ampere-hours should be employed, as the principal feature 
in connection with a battery is its capacity. It is most important to have a 
continuous indication of the actual condition of a battery, as furnished 
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generally by its capacity, at once giving not only the amount of current avail- 
able for further use, but for what length of time at a given discharge rate. 
It is not so necessary to know the energy of the input or the output. 

Two-meter Battery System with Batchet and Pawl. — Various methods 
are in vogue to effect these measurements. One very general method is to use 
two ordinary meters, permanently connected in series with the battery. The 
one meter registers the charge and the other the discharge, each being fitted 
with a ratchet and pawl attachment which allows the meter to rotate in one 
direction only, and prevents it from running backwards when the current is 
reversed in its series circuit. The current flows oppositely directed in the 
series circuits of the two meters, so that with this arrangement one only can 
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work at a time, according as the battery is being charged or is discharging. 
When energy meters are used in this manner their pressure circuits are so 
connected that the currents flowing in them are always in the same direction, 
and are not reversed with the reversal of the current in the main coils. This 
method is in use by Messrs Chamberlain & Hookham and the British 
Thomson-Houston Company, with their respective types of meters. Fig. 79 
gives diagrammatically the connections of the Hookham meters, and those of 
the Thomson meters are shown in Fig^ 80. The meters are calibrated to read 
direct in ampere-hours. 

The Electrical Company's Two-meter Method for battery work is 
illustrated diagrammatically in Fig. 81. 

The meters, it will be seen, are permanently connected in series, but the 
current flows in their series circuits in the same direction, and not oppositely 
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directed as in the previous method. The pressure terminals of the meters 
are also differently connected to the circuit. In addition, no pawl and 
ratchet attachments are used on these meters, which consist of this company's 
ordinary oscillating G type. This results at once from the principle of the 
action of the meter, described in Chapter V. The meter only works when 
the current in the series coils and, therefore, their magnetic fields are in the 
correct direction with reference to that of the shimt current and its magnetic 
field. The explanation is quite simple. The moving coil consists of two half 
windings, each of which is operative at one time only, and in successive half 
oscillations. The two windings are, moreover, always oppositely polarised 
relatively to one another by the shunt currents. 

If we assume, for the sake of illustration, that when traversed by the shunt 
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current the left-hand winding of the swinging coil becomes polarised, so that 
its left-hand face acts as a south pole and its other face as a north pole, then 
the other winding, when it is in tuni energised by the current, will be 
polarised in the reverse order. In this case, for the meter to work, the main 
current must flow in the two stationary coils in such a direction that each 
acts as north pole in relation to the swinging system. The swinging coil will 
then oscillate backwards and forwards. If, however, either the shunt or the 
main current be reversed, but not both simultaneously, the meter will not 
work. 

If we reverse the main current, then each stationary coil now acts as a 
Math pole, and the swinging system can only move into either one or other of 
the two extreme positions, when it will stop. If, of course, it happens to be in 
one of these limiting positions, it does not move at all. 
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Hence, with two of these meters arranged as shown in the diagram (Fig. 81), 
one only will register the charge and the other the discharge, the direction of 
the current to or from the battery determining which meter will register, as 
either cannot do so until its magnetic fields are of the correct polarity. The 
meters register either in kilowatt-hours (B.O.T. units) or in ampere-hours as 
may be required ; if the latter be desired, the pressure circuit of each meter 
is put across a source of constant or nearly constant E.M.F., such as the 
lighting bus-bars, and the meter is calibrated to read direct in ampere-hours 
at that pressiu'e. 

British ThomBon-Houston Company's One-meter Battery Systems. — 
Another method which is often used is to employ only one meter. If, how- 
ever, it be of the energy type, and be fitted with a friction compensating 
device, this has to be removed. The reason for removing the compensating 
coil is that, if the battery be discharging, the field set up by the compound- 
ing coil would oppose that due to the main coils, and thus cause the meter to 
register less than it should. This method is not one to be recommended, as 
the meter does not read accurately at low loads ; in addition, as there is only 
one dial, if the reading be not taken as soon as the charge is finished, no 
complete record of the discharge can be kept. With an ideal battery giving 

Generator 
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an efficiency of 100 per cent, the dial of the meter returns to zero as the 
battery discharges, and in any position indicates the exact amount of energy 
available. It, moreover, points to zero when the battery is discharged, 
assuming an initial z3ro reading. A diagram showing the connections of a 
Thomson meter in this case is given (Fig. 82), and the meter will run in either 
direction according to the direction of the current. A modification of this 
method is used by the British Thomson-Houston Company, and is also 
illustrated in Fig. 83. The meter is fitted with a compensating coil as usual, 
and the arrangement, as regards accuracy, is quite as satisfactory as the two- 
meter system, but there exists the same difficulty in connection with the 
readings of the dial. The reason why a compensating coil can in this case 
be used is that the current is not reversed in any part of the meter. 

It will be seen that the meter revolves always in the same direction 
whether the battery is being charged or is discharging, and, in consequence, 
the dial, instead of returning to zero, suras up the various charges and 
discharges. Hence, as in the previous case, it is necessary to read the dial 
before and after each charge and discharge. 

Referring to Fig. 83, it will be seen that four different combinations can be 
obtained. The generator will feed the bus-bars only when the single-pole 
double-throw switch C is open and the double-pole single-throw switches A 
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and B are closed. When the generator is to feed the batteries only, then 
switch B is opened, A is closed, and C must be moved on to contact No. 1. 

When the battery is discharging and the generator is shut down, C is on 
contact No. 2, A is open, and B is closed. To run both the battery Jind 
generator in parallel, both A and B must be closed, and C is placed on 
contact No. 1 or No. 2 ; and if on No. 1, the discharge of the battery will not 
be registered by the meter. 

In all other cases the current' flows in the meter ; and when the battery 
and generator are in parallel with the switch C on contact No. 2, the meter 
will register the combined output. 

The Aron Battery Meter. — The Aron Electricity Meter, Limited, employ 
the one-meter system in connection with their two types of battery meters, 
which are Dr Aron's double dial meter and the Miller reversible meter. In 
each case the instrument is exactly the same as the ordinary Aron house- 
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supply type as regards the electrical and clockwork mechanisms. As already 
explained in a former chapter, the main actuating axle of the counting train 
revolves at a rate depending on the difference in speed of the two pendulums, 
and the direction of rotation of this axle depends on the electrical arrange- 
ment of the shunt and series systems. If the current in either one of these 
be reversed in direction, the direction of rotation of the main axle will also be 
reversed, so that the ordinary meter placed in a battery circuit will record 
one way during the charge, and in the opposite during the discharge. The 
records would therefore be destroyed. 

In the double dial battery meter illustrated in Fig. 84 a system of ratchet 
gear is inserted between the main axle and two counting trains, any move- 
ment in one direction actuating the one train, while that in the opposite 
drives the second train. 

In this manner the charge is always read from one set of dials and the 
discharge from the other set. When the readings are to be in ampere-hours 
the shunt circuit of these meters must be always connected to a constant 
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potential circuit which is never reversed in direction, and their accuracy 
depends on the constancy of voltage of the shunt circuit. In practice, an 
ordinary lighting circuit well within the Board of Trade limit serves the pur- 
pose very well. If, however, the voltage be permanently too high or too low, the 
meter will run too fast or too slow in exact proportion to the voltage variation. 

I:;; In the Miller reversible meter. 
Fig. 85, an ordinary Aron instru- 
ment is used with one large round 
dial and one pointer instead of a 
series of counters. It has no 
ratchet gear, and the record made 
in discharging is destroyed during 
the charge. 





Fig. 84. 



Fig. 85. 



The instruments are generally fitted with a relay, which automatically 
inserts a resistance in series with the shunt circuit, so that the meter runs 
more slowly on the charge than on the discharge by an amount correspond- 
ing to the difference between the charge and discharge ampere-hours, so that, 
when the pointer is brought back to zero, it indicates that the battery is fully 
charged. When the battery is discharging, the pointer revolves clockwise. 
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The Deutsch-Bussische Battery Meter.— The battery meter of the Deutsch- 
Russische Elektricitatszahler-Gesellschaft is illustrated in Fig. 86, and is a 
combination of two of their reverser armature systems operated upon by one 
main current coil. Each armature system is complete in itself, and is provided 
with an independent magnetic brake and counter, the one registering the charge 
and the other the discharge. One only of the two systems is influenced at any 
one time by the passage of a current in the series coil, and no mechanical 




Fig. 86. 



coupling between them is required. This follows at once from the principle 
of the meter, described on page 83. 

The magnetic field produced by the main current causes the one reverser 
armature to pulsate during the charge and to register, holding back the 
other, which is oppositely polarised. When the current is reversed, the first 
armature will be prevented from moving, and the other will now be made to 
pulsate and register the discharge. 

The O'Z. Battery Meter. — The Compagnie pour la Fabrication des 
Compteurs, Paris, slightly modify their O'K. ampere-hour meters when 
intended to measure the charge and discharge of a battery of accumulators. 

7 
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Only one meter is used. The small electric motor of this meter, as already 
explained on page 43 in Chapter III., is connected as a shunt to a resistance 
which carries the whole current to be measured, and which is mounted on 
the base-plate of the meter itself. In this case, however, the resistance 
forms a separate piece of apparatus and is furnished with a sliding contact. 
It is specially designed to produce a maximum difference of potential of 
about '25 volt. The arrangement adopted is shown in Fig. 87. The terminals 

E and F of this resistance are connected to those of 

the meter iiiiirked It and T. The armature of the 
latter will rotate from right to left when the cells 
ar-e being ehargetl, and iu thir* c^e the current only 
l>artially traverses the resistance, goiiig along the 
path fiom C to B. Wlieu the eelh are discharging, 
the direction of rotation of the meter will be reversed, 
and the current will flow^ through the Avhole resistance 
from B to A. The meter, in addition bo the ordinary 
wet of dials, has a large dial graduated in anij>ere- 
hoort!. When the eel Is are charging, the pointers of 
the small dials do not move ; the pointer of the large 
dial however, turns counter-clockwise and indicates in 
aoipere-honi-s the quantity of electricity put into the 
cells, reduced hi the ratio of the efficiency of the battery. 
On discharging, this pointer revolves back, giving 
at every instant the available capacity of the cells ; 
and the amounts^ of the discharge are continuously 
integrated on the snnill dials, the pointers of which 
arc now free to uiove, 




Fig. 87- 

By means of the sliding contact C, the ratio of the resistances of the two 
branches B C and B A can be adjusted until it is equal to the ampere-hour 
efficiency of the battery. When this condition is fulfilled, the large pointer 
always indicates the quantity of electricity which can be taken out of the 
battery. 

This system can be advantageously used with electric automobiles ; and 
the counting train can be arranged with a contact system operating a relay 
circuit, which will automatically interrupt the charging current when the 
battery is fully charged. 
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These battery meters are made in three sizes for charging capacities of 
100, 200, and 400 ampere-hours. 

In each case the large dial is divided into 100 parts, each division of which 
corresponds to one, two, or four ampere-hours, according to the capacity of the 
meter. Similarly, each unit on the first of the small dials reads ten, twenty, 
or forty ampere-hours. An exactly similar arrangement is adopted by the 
Danubia Actiengesellschaft also with their O'K. meters. 

The Siemens-Schuckert Battery Meters consist of the company's ordinary 
continuous current types, each of which is fitted with two separate counters 
and a change-over device, The one counter registers the charge and the 
other the discharge, and a small index on the 
dial face indicates the one which is working, 
and whether the battery be supplying or receiv- 
ing current. 

The connection between either counter and 
the meter spindle is made by a movable lever, 
on the one end of which is mounted a worm 
and on the other a worm wheel, which gears 
with the worm on the meter spindle. According 
to the direction of rotation of the meter, in one 
direction on the charge and in the opposite 
direction on the discharge, the worm wheel 
causes the lever to move upwards or down- 
wards and the worm to gear with a correspond- 
ing wheel of the respective counting train, thus 
bringing the latter into action. Fig. 88 is an 
illustration of the Peloux meter manufactured 
by this company, and fitted with two counters 
and a change-over arrangement for battery pur- 
poses. The meter is also shown with a special 
set of test terminals. 

Section B. — Switchboard Meters. 

For the measurement of the output of direct 
current lighting, power, and traction systems, 
special switchboard instruments are used. They 
retain the principles common to their respective 
types, but are variously modified to comply with 
the severe conditions of heavy and fluctuating 
loads obtaining in central stations in general. Precautions have also to be 
adopted to shield the meter from the influence of the magnetic fields set up 
by neighbouring bus-bars or heavy-current cables. 

Hookham type. — Two methods are in vogue. In the one the meter is 
supplied with a high-capacity shunt traversed by the whole current, and 
potential leads connect the current circuit of the meter to the terminals of 
the low-resistance shunt, so that the current flowing in the meter is always a 
determinate fraction of the main current in the bus-bars or feeder circuit. 
This method is, however, mainly restricted to quantity meters. An illustra- 
tion of the Hookham ampere-hour meter for 2000 amperes, with its shunt, is 
shown in Fig. 89, and may be taken as typical of this class of heavy-current 
shunted meters. The current in the meters is in this case about 50 amperes. 
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For switchboard work, the meter is separated from its shunt, and the latter is 
mounted on the back of the board, while the meter is fixed on the front. 

Thomson Switchboard Meters. — In the other method, a construction is 
adopted in which the whole current passes through the meter itself. In this 
manner any errors due to the use of a high-capacity shunt are eliminated. 
In the Thomson meters the entire current flows through the field coils, which, 
for heavy currents exceeding 1500 amperes, consist of a single heavy bus-bar 
of forged or cast copper of high conductivity. It will be remembered that in 




Fig. 89. 

the ordinary Thomson meter one armature connected to the pressure circuit 
is used. In this case, however, two armatures connected together in series are 
employed, and are oppositely wound. They are arranged astatically, the one 
above and the other below the bus-bar of the meter, so that they are cut in 
opposite senses by the magnetic field produced by the current in the bus-bar, 
and both, therefore, tend to rotate in the same direction. 

The damping magnets are enclosed in a cast-iron box. This construction 
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ensures practical freedom from stray fields and bus-bar effects. The entire 
meter is supported upon the switchboard by two studs, which form at once the 
electrical connections and the mechanical support. 

The astatic switchboard types for heavy currents of the British Thomson- 
Houston Company, Rugby, and the Oeneral Electric Company, U.S.A., are 
respectively illustrated in Fig. 90 and Fig. 91. Noteworthy differences exist 
between them, mainly in the construction of the armature and compounding 
coil, and in the number of coils used. In the meter of the British Thomson- 
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Houston Company, not only are two armatures used, but each has its own 
commutator and a stationary core composed of iron washers; further, the 
armatures, each consisting of two coils, are in planes at right angles to one 
another. The compensating coil consists of a few turns of fine insulated 
copper wire acting on the upper armature, as shown in the illustration, Fig. 90. 
This type of compensating coil is, however, only used in meters intended for 
extra heavy currents and furnished with the square copper studs. 

The meter of the General Electric Company, U.S.A., has only one com- 
mutator, and the two armatures do not materially differ from the ordinary 
drum-wound type; they are oppositely wound and contain no iron. Two 
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compensating coils are used, and are clearly shown in front of the two 
armatures in the view given in Fig. 91. 

In the switchboard meters of the British Thomson-Houston Company for 
capacities from 600-1200 amperes, the two armatures are exactly as hi the 
larger sizes ; the magnets are also encased in a shielding box, but two field coils 
are used and a different form of compounding coil. An illustration of their 
800 ampere size is given in fig. 92, from which the general arrangement will 
be readily gathered. 

The field coils consist practically of four parallel horizontal copper bars ; 
the two outside bars are connected to the left-hand stud and the two central 
bars to the right-hand stud. The free end of each horizontal bar is connected 
to a vertical bar, and the vertical bars are all united at the top by means of a 

horizontal hood. The main cur- 
rent, in passing from one stud to 
the other, splits up into two 
halves, and each half traverses 
two horizontal bars, the current in 
all the horizontal bars flowing 
in the same direction. In ' this 
manner the effect is the same as 
two complete turns, each traversed 
by the whole current, and in the 
particular meter illustrated is 
equivalent to 1600 ampcre-tums. 
The field coils are not actually 
made up of separate bars (merely 
given to illustrate the effect), but 
consist of a single copper casting 
or forging of special construction 
to give this effect. The two arma- 
tures are arranged astatically above 
and below the horizontal bars, and 
the hood portion produces very 
little, if any, effect on them. The 
compensating device is placed at 
the back of the field coils, and is 
a vertical coil of fine insulated 
copper wire in the armature circuit. The coil is wound on an iron core,, made 
in two halves. The two halves can be screwed apart to increase or decrease 
the air-gap between them. This action alters the magnetic reluctance of the 
coil, and so regulates the supplemental torque it exerts on the armatures. 
With this design of the field coils and the use of iron in the armatures all 
their switchboard meters can be arranged as astatic meters for currents as low 
as 600 amperes. 

In Fig. 93 is shown diagrammatically a Thomson three-wire switchboard 
meter for 600 amperes made by this company. In this type the field coils 
consist of two bus-bars ; the one is placed in the positive outer and the other 
in the negative outer of the system, and they are so connected that the 
currents in them flow in the same direction. Two armatures, with two 
commutators astatically arranged, are used, as in the other types, and the 
pressure circuit of the meter is connected direct across the three-wire network 
as shown. 
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The Aron Switchboard Meter presents no new features over the ordinary 
instrument beyond the alteration of the main current coils, which for heavy 
currents are replaced by a single bus-bar, and this type of coil is used in all 
instruments for currents exceeding 300 amperes. The bus-bar has transverse 
slots in it, running from opposite sides, so that the current flowing in it 
circulates clockwise round one slot and counter-clockwise round the other, in 
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order to obtain the necessary reversed fields to operate the potential coils of 
the pendulums. This is clearly shown in Fig. 94, which represents a line 
drawing of the type of heavy current bus-bar used by the Aron Electricity 
Meter, Limited. The pendulums oscillate in the usual manner above the 
bus-bar, and are symmetrically suspended above the two holes in the same. 

The Electrical Oompany'B Switchboard Meter. — The modifications 
introduced by the Electrical Company into their oscillating meter are easily 
recognisable from the illustration of their switchboard and traction type given 
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in Fig. 95. The counting mechanism, peculiar to this meter, is constructed 
as a separate instrument, and can be mounted direct on the switchboard, 
while the meter itself is placed at some convenient point in the main circuit. 
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The two parts are placed in electrical connection with one another by a 
flexible cable consisting of five wires of small diameter. A considerable saving 

of space may hereby be effected 
on the switchboard, a consideration 
of some importance. The main 
current coils are now made of a 
single massive copper casting, or 
of two castings, forming in either 
case two half turns in opposite 
directions. 

The armature consists of two 
shunt coils interconnected, and each 
coil oscillates in the field of one of 
the half turns. The construction 
renders the meter astatic and in- 
dependent of external magnetic 
influences. 

The Siemens - Schuckert 
Switchboard Meter. — For large 
currents and switchboards the 
Siemens-Schuckert Werke use their 
GW type of direct current meter. 
The geneml arrangement of the constituent 
be easily followed from the illustration, which 
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illustrated in Fig. 96. 

parts of the meter will 

also clearly shows the method of supporting the adjustable compensating 

coil. This company, in addition to the above type, also supply for switch 
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board use their direct current ampere-hour and watt-hour meters, based on 
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The meter is simply either an 



the principle of intermittent registration, 
ammeter or wattmeter, combined 
with an electrically driven clock 
mechanism, which actuates at 
intervals of about 3J seconds an 
integrating counter. 

In the ampere-hour meter 
the ammeter proper is of the 
moving-coil permanent-magnet 
type, and in the watt-hour meter 
the field is produced by an 
electro-magnet energised by the 
pressure current. In the latter 
type the clock mechanism mo- 
mentarily causes a contact to 
short-circuit the coils of the 
electro-magnet just before the 
counting train is actuated. In 
this manner the reading regis- 
tered always corresponds to a 
point on the rising part of the 
magnetisation curve of the iron, and errors due to hysteresis are eliminated. 
These errors would otherwise result from the readings being taken at one 
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time on a rising and at another time on a 




Fig. 97. 



falling voltage. The meter is 
provided with a scale and 
pointer in addition to the 
dials, which register in 
the usual manner the 
units consumed. The 
scale is graduated in am- 
peres or watts according 
as the instrument is con- 
structed as an ampere- 
hour or watt-hour meter. 
The clock mechanism 
(Fig. 97) consists of a 
heavy balance wheel R, 
which receives periodic 
impulses from the electro- 
magnet M energised by 
the pressure current. 
The counting train is 
worked by a disc Z hav- 
ing a serrated edge, over 
which a small spring is 
continually moved to and 
fro by the balance wheel. 
When the spring is mov- 
ing in one direction it does not touch the disc, but on its retuni swing meets 

a projection on the pointer of the 

ammeter or wattmeter, which causes 

it to engage with and turn the disc 

through an angle corresponding to 

the deflection of the p)ointer. At 

the same time the }X)inter is carried 

back to zero, in which position it is 

disengaged from the disc and is 

again free to move, when the disc 

also remains stationary. 

These operations are repeated at 

every swing of the balance wheel, so 

that every 3J seconds the deflections 

corresponding to the amperes or 

watts are integrated by the counter. 

The motion of the pointer is an 

indication of the correct working of 

the clock. The instrument is used 

witli an ordinary ammeter shunt, 

so that it is unnecessary to provide 

a special shunt if one of the correct 

capacity should already exist on 

the l)oard. It must, of course, be 

is connected. 
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calibrated with the shunt to which it 
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Section 0. — Tram-car Meters. 

General. — For tram-car work, meters have also to be specially constructed 
to meet the arduous conditions imposed by this class of service. The difficulties 
incident to making a reliable and acourate meter for permanent installation 
on tram-cars are mainly of a mechanical nature. At the same time the 
electrical requirements are not easy to fulfil, as the meter must be capable of 
withstanding not only overloads greatly in excess of its normal capacity for 
brief periods, but also an overload of at least 25 per cent, almost indefinitely. 

The fimction of the 
tramway meter is not 
only to register the 
amount of energy con- 
sumed per car, but also 
to act as a check on 
the handling of the car 
on the part of the motor 
man, and to give an 
indication of the con- 
dition of the electrical 
equipment. The care- 
less manipulation of 
the controller and brake 
is a matter of serious 
importance, resulting 
in a considerable loss 
of energy. 

By properly record- 
ing the actual energy 
taken by the cars and 
keeping records of the 
motor men, a saving 
amounting from 10 to 
20 per cent, of the 
total used can be 
effected. Taking a 
very conservative esti- 
mate of the saving, the 
car capacity of a trac- 
tion system could be 
increased by about 10 

per cent, with the same energy output from the station, and the company's 
receipts increased in direct proportion to the energy saved. Of course, the 
actual amount saved depends on the physical character of the track. A level 
track will not require the same skill and management as one with several 
grades and curves. 

Thomson Tram-car Meter. — Fig. 98 is a view of the Thomson meter 
specially designed for tram-car work. It differs in many essential details from 
the standard Thomson pattern. A soft iron armature core and laminated iron 
fields are used. The armature core is stationary, and only the winding 
revolves. This arrangement gives a high torque with a light moving element, 
and reduces the weight on the footstep bearing, which for this work consists 
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of a spring-seated diamond jewel. The meter is thus enabled to more readily 
withstand the severe vibrations and jars to which it is subjected. The 
resistance of the armature winding is about 30 ohms, and has a high resistance 
of 10,000 ohms, in series with it. This gives a drop of about 1*5 volts across 
the brushes, so that the liability to spark is considerably reduced. 

The brake system is completely enclosed in the cast-iron box at the bottom 
of the meter case, and is effectively shielded from the effects of the varying 
currents in the motor. 

For tramway purposes the Bastian Meter Company use their ordinary 

electrolytic meter, enclosed in a special case 
fitted with a cast-iron top, by which it is 
screwed to the canopy of the car. 

Deutsch-Bussiflche Tram-car Meter. — 
The Deutsch-Russische Elektricitatszahler- 
Gesellschaft employ their ordinary meter, 
suspended by springs in the manner illus- 
trated in Fig. 99. The meter is fixed on a 
horizontal carrier which rests on four sup- 
porting springs. Vibration in a vertical 
plane due to shocks and jars is prevented 
by four vertical damping springs, and any 
lateral vibration is taken up by flat spiral 
springs let in the holes for fixing the carrier. 
. Aron Tram-car Meter. — The modification 
introduced into the Aron meter for use on 
tram-cars will be seen from the illustration 
given in Fig. 100. The differential clock 
is regulated by means of balances instead 
of pendulums. The one balance B is con- 
trolled by its hairspring only, while the 
other one A carries the pressure coils and 
is electro-magnetically acted upon by the 
pressure current and the main current in 
the stationary coils. These are placed with 
their axes horizontal, so that the pressure coils attached to the second balance 
spindle may oscillate between them. 

To eliminate all possibility of creeping, due to vibration or any other 
cause, an auxiliary shunt coil C is used, the action of which is to tend to drive 
the meter backwards. It is fixed within the left-hand main coil. Any back- 
ward motion is, however, prevented by a pawl on the first counting wheel. 

When no current flows in the main coils the balances beat in synchronism, 
but as soon as current is taken, the rate of oscillation of the balance with the 
pressure coils is changed, and the difference in speed of the two balances, 
which is proportional to the power, is integrated by the clock train and 
registered on the dials in B.O.T. units. The meter is suspended on springs. 
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CHAPTER VII. 

GENERAL FBINOIPLES OF SmOLE-FHASE AND FOLYFHASE 
INDTJOTION METERS. 

Single-phase Alternating Current Power and Energy — Rotatory Magnetic Field — Rotating 
Vectors — Law of the Induction Meter — Inductive and Non-inductive Loads— 
Behaviour of Three-wire Single-phase Induction Meters — Measurement of Polyphase 
Power — Equations of Power for a Three-phase Three- wire Star System — Equations 
of Power for a Three-phase Three- wire Delta System — Two- Wattmeter Method of 
Measuring Polyphase Power — ^Two- phase System — Equations of Power for a Three- 

Shase System with Four Conductors — ComjMirison of Equations for Three-phase 
ystems with Three and with Four Conductors. 

Single-phase Alternating Current Fower and Energy. — In an alternating 
current circuit both the current and the -voltage are changing in sense and 
magnitude from instant to instant in a periodic manner, and are generally 
sine functions of the time. If c and v denote the instantaneous values of 
the current and voltage, Cq and Vq representing their maximum values 
respectively, n ha the frequency of the alternating current or voltage, and 
^ be the angle of phase difference between the current and the pressure, then 

v = \q sin pt , 

c = C^ sin {pt ± 4), 

where p — 2im. 

The instantaneous value of the power is c.v, and the mean power P during 
the whole periodic time T of one cycle is given by the equation 

T ^p 

P = Y ^'^-^^ = ly^^\^0 8"^ pi 8"^ {pi ± <^)^' » 
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If Tj and Tj denote the commencement and termination of the interval during 
which electrical energy has been tjiken, then its amount is given by the equation 
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where V and C are the pressure in volts and the current in amperes, as given 
by an alternating current voltmeter and ammeter. 

An alternating current meter performs the operation expressed on the 
right-hand side of this equation. 

Botatory Magnetic Field. — Induction meters are used at the present day 
for this purpose, and are based on the rotatory magnetic field, the principles 
of which were first clearly enunciated by Professor Galileo Ferrarifi,* who com- 
municated the residts of his researches and experiments on March the 18th, 
1888, in an address to the Royal Academy of Sciences of Turin. His 
experiments were, however, conducted in 1885. 

Referring to fig. 101, if the vectors P and Q represent at a particular 
^ moment the instantaneous values of two 

forces acting at a point in two fixed 
directions X and Y in space, then R 
will represent the instantaneous value of 
their resultant at the same moment. The 
magnitude and direction of the resultant 
will depend on the magnitudes and direc- 
tions of each of the two components, which 
may vary in any manner whatever, and 
the end of the vector R will trace out 
some curve, the shape of which depends 
Fig. 101. (^n the law of change of the two forces. 

When these vectors represent alternating 
sinusoidal stationary magnetic fields of the same frequency, their resultant 
will represent a magnetic field whicli, in general, will vary both in intensity 
and direction, and the end of the vector O R will move along a close curve, 
usually an eUipse, i.e. the resultant vector R rotates round 0. 

Denoting the instantaneous values of the two alternating magnetic fields 
by p and <?, their maximum values by P and Q respectively, and if n be the 
frequency and ^ the phase displacement between them, then 

p = P sin 2im^ , 
and g = Qsin(2wn<-<;^). 

Eliminating t between these two equations gives, in general, the equation to 
an ellipse. It therefore follows that when two alternating magnetic fields, 
differing in phase, but of the same frequency, act at a point along two 
different directions, a rotatory magnetic field results, and in general an 
elliptically rotating field. If these two fields do not differ in phase, it is easy 
to show that a rotating magnetic field is not obtained, but a stationary 
alternating magnetic flux of the same character as the two components. In 
this case 

p = P sin litut . 

7 = Q sin 2Tmt . 

P 

i.e. the locus of the resultant is a fixed straight line. 

When the two component fields act at a point at right angles to one 
another, have the same amplitude, and differ in phase by a quarter period, 
the resultant magnetic field will be of constant value, and will rotate 

* AUi della R, Aeademia delle Seienze di Torino^ jam. p. 360, 1888. 
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uniformly in a circle round this point. The resultant field is then called a 
uniformly rotating magnetic field.* This can be readily shown as follows : — 

^ = P shi 2imt . 

^ = Q sin (27m/ - <f}). 

In this case P = Q and <^ = ^. 

p = V Hm27mty 
g « - P cos 2imt 

i.e. the locus of the point R is a circle. 

Botatiiig Vectors. — As shown by Professor Ferraris,! a stationary alternat- 
ing vector, which is a sine function of the time, may be replaced by two equal 
and oppositely rotating vectors, each of which is half the amplitude of the 
fixed vector, and revolves with an angular velocity dependent on the 
frequency. 

If OA (Fig. 102) represent the amplitude of the stationary alternating 
vector (maximum value of an alternating magnetic field), then A can be 
replaced by the rotating vectors B and C, 
each of which is equal to one-half of A. The 
two vectors rotate round in opposite senses 
with the same frequency, and AOB = AOC = a 
represents the angular value of the phase of 
either rotating vector relatively to O A at the 
particular moment. The sum of their projec- 
tions on the fixed direction OA will always 

give the instantaneous value of the alternating vector A. In the position 
shown this value is O A', and O A' = O A cos a. 

Law of the Induction Meter. — In an induction meter two stationary 
alternating magnetic fields are used to produce the driving torque on the 
revolving element, and are created by two alternating currents, differing in 
phase and amplitude, but of the same frequency. In a manner similar to the 
above, each of these fields can be decomposed into two oppositely rotating 
magnetic fields, giving rise to four altogether. By suitably combining the 
fields which rotate in the same sense, the two stationary alternating magnetic 
fluxes can be replaced by two oppositely rotating magnetic fields. This 
method J can be used to demonstrate the law of the induction meter. When 
a rotating magnetic flux cuts a conductor at right angles, it induces in it eddy 
currents ad it progressively revolves from point to point. If the conductor 
be pivoted, it will rotate under the interaction of the magnetic field and 
the eddies so induced, and in the same direction as the field, but with a 
smaller angular velocity. The torque exerted on the conductor is at any 
moment proportional to the product of the intensity of the magnetic flux and 
the strength of the eddy currents, which vary as the intensity of the magnetic 
flux and the angular velocity of the field relatively to the conductor. It, 

♦ See Marcel Deprez, Comptes RenduSy ii. 1193, 1883. 

t G. Ferraris, " Vettori Rotanti,'* Mem. Reale Aecad. de Sei. Torino, serie ii., tomo xliv., 
Deo. 3, 1893. English Translation, " A Method for the Treatment of Rotating or Alternating 
Vectors," Electrician, xzxiii., 1894. 

X The method used is based on the excellent article on motor meters by Dr Theodor 
Briiger, *' tJber Motorzahler," EUktroUehniaehe Zeitsehrift, Heft 43, 1895. 
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Fio. 108. 



therefore, follows that the torque varies as the square of the intensity of the 

magnetic field multiplied by the relative velocity of the field to the conductor. 

In Fig. 103, OA and OB represent 
the maximum values of the two alter- 
nating magnetic fluxes in an induction 
meter, acting at right angles to one 
another and to the revolving cylinder or 
disc. OB can be decomposed into the 
two equal but oppositely rotating com- 
ponents OB^ and OB^, each equal to 
^ OB, the angle BOB^ or BOBj repre- 
senting the angular value of the phase 
<l>^ of either component. Similarly, OA 
is replaced by OAj and OA^, and the 
angle of phase is ^^A A, = -cf AO A^ = ^2 • 
Combining OBj and OAj, which rotate 
in the same direction, and also Bg and 
OA2, the two stationary magnetic fields 
are replaced by the two resultant rotat- 
ing fluxes ORi and ORj. These two 
resultant fields rotate round in opposite 
senses, but with the same angular velocity 

dependent on the frequency of the alternating current, and they also differ 

in magnitude. 

Now ORjS = OBjS + BiR^2 - 2OB1.B1R1 cos OBjRi . 

Also ORg^ = OBg^ + B2R22 - 2OB2.B2R2 cos OB2R2 . 

Denoting the intensity of the alternating field OB by 2h and that of OA 
by 2H, then OBj = OB2 = h, and OAj = OAg = H . 

0Ri2 = /i2 + H2 - 2/i.H. cos OBiRi , 
OR22 = h^ + H2 - 2/i.H. cos OB2R2 . 

Now OB is at right angles to OA, and it can be readily shown that 

<OBiRi = £. - (<^j ^ ^^2), and that ^OB2R2 = -5- + (<^i - ^2)- ^^ we denote 

the phase difference (<i^i-<i^2) ^^ ^^® ^^^ alternating magnetic fields by ^ 
then the above equations become 

ORi2 = /i2-f-H2-2/iHsin«>, 
and ORj^ ^ li^ + H^ ^. 2/tH sin ^ . 

These two oppositely rotating magnetic fields act on the cylinder or disc, 
which revolves in the direction of the stronger of the two fields, the one field 
exerting a driving torque, and the other a resisting torque on it. If Cj and 
Cg denote the eddy currents induced in the cylinder or disc by the two fields 
O Rj and O R2 respectively, and if w denote the angular velocity of the disc, 
and w' that of each of the rotatory fields (w' = 27r«, where n is the frequency), 
then 



C2OCOR2 (w'-w), 
and Cj DC OR^ (w' + «). 
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The driving torque D^oc OKg-C^ , 

I.e. Dj = KjORj^ (a,- - o)), 
and the resisting torque TjOcORi-Cj, 

t.e. Ti = Ki.0Ri2(a,' + a,). 

In addition to this retarding torque, a second one is usually added, and is 
produced by rotating the same disc, or another mounted on the same spindle, 
in the fixed field of a permanent magnet. The second retarding torque is 
given by the equation 

T2 = K.N2.a,, 

where N is the strength of the permanent magnetic field, and a> is the actual 
angular velocity of the disc. The total brake toi-que is, therefore, the siun of 
these two ; and when the condition of steady motion has been reached, the 
driving torque will balance the total retarding tor(iue ; then 

D-(Ti + T2) = 0, 
i.e. Kj.ORgV - 0)) = Ki.0Rj2 (a,' + w) + K.N^.o) . 

Ki^XORa^ - or/) = Ki.co.(ORi2 + OR^^) + K.Na.o . 
Inserting in this equation the values of Rg and Rj obtained above, then 
Ki<i>'.4;«.H. sin ^ = K^i^,2{1i^ + H2) + K.NS.o, , 
i.e, since <i>' = 27r.n, 

K'.«./i.H sin ^ = 2Ki.<o.(/i2 + H^) + K.N2o) , 
where K' = 87r.Kj. 

Now K'.w.^.H. sin ^ is the driving torque exerted on the disc of the 
induction meter by the two stationary alternating magnetic fluxes, K.N^w is 
the retarding torque of the permanent magnet, and 2Ki(/i2 + H2)a) is the 
resisting torque exerted by the driving fields themselves. This braking 
action of the two stationary fluxes is in general made negligibly small com- 
pared with that of the usual magnetic brake by choosing relatively weak 
fields and a low rotative speed of the meter disc. In this case we may put 

2Ki(/i2 + H2)a, = 0, 
and then K'.n.^.H. sin ^ = K.N^w , 
<i>-K".7i.H. sin*, 

i,e. the speed is proportional to the product of the two stationary alternating 
magnetic fluxes multiplied by the sine of the angle of phase difference 
between them. 

These two fields are produced by a pressure current and the main current 
in the circuit to which the meter is connected, and the pressure current is 
proportional to the supply voltage. The true power in the circuit is 

P = V.Ccos«^, 
V and C being the voltage and current, and cos ^ the power factor. 
Now <D = K"./fc.H.8in* 

and /iOcV and HocC . 



a> = K^.V.Csin4>. 



8 
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The condition for the speed of tlie meter disc to be proportional to the true 
power is, therefore, 

sin * = cos <^ , 

i.e. ^ = ^ ±<A- 

^ is the phase difference between the two stationary magnetic fields, and is 
not the same as that between the pressure and main currents producing these 
fields, because the time-constants of the magnetic and electrical circuits are 
not the same. 

Hence the very important condition which must be fulfilled by an induc- 
tion meter is, that the pressure and main current fluxes must have a phase 
displacement relatively to one another of exactly 90*, when the power factor 
of the circuit is unity, so that the speed of the meter disc is proportional to 
the true power. 

Then co^Kq.V.Ccos^^, 



la ia 

and [ <odt = K^ | V.C cos <l>dt . 



If 



<^ = 0, then / iadt = KQJY,Cdt. 



The number of revolutions exerted by the disc or cylinder of the induction 
meter in a given time is then proportional to the true energy consumed in 
the alternating current circuit in that time. 

Non-inductive and Inductive Loads. — When the meter is intended for 
use in a circuit in which the voltage and current are always in phase with 
one another, i.e. cos<;^ = 1, it is not so essential for the two fluxes to differ in 

phase by exactly ~ provided that the angle ^ be sufliciently large. The sine 

of a large angle does not differ appreciably from unity (sin 75' = 0*96593 ; 
sin 80' = 0-98481; sin 85' = 0-99619), so that the error will not be very 
great. If, however, the current lead in advance of, or lag behind, the pressure, 
the angle ^ must comply with the condition sin * « cos <f>. 

Various devices have from time to time been proposed by different 
investigators for creating exact quadrature between the pressure and main 
current fluxes in an induction meter when the current and pressure are in 
phase. 

At the present day three distinct methods are in general use, and are 
explained in Chapter VIII., the induction meters described in that chapter 
being arranged in three corresponding classes. 

Three-wire Single-phase Induction Meters. — In Chapter II. it was shown 
that in a three-wire direct current network the energy used is only correctly 
given by a single three- wire energy motor meter (assuming no errors in the 
meter) when the system is perfectly balanced, or when the pressures between the 
outer mains and the neutral wire are kept constant and equal to one another. 
In a similar manner it may be shown that the energy consiuned in a three- 
wire circuit fed with single-phase alternating current is correctly measured 
by a three- wire energy induction meter under certain conditions only. 

Let Vj and v^ denote the instantaneous values of the voltages between the 
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outer mains and the neutral wire, v the instantaneous value of the total 
three-wire pressure, V^ , Vg , and V being the corresponding maximum values ; 
also let Cj and c^ represent the instantaneous and Cj and Cj the maximum 
currents in the two outer mains. When the system is in perfect balance and 
the loads contain neither self-induction nor capacity, i.e, the currents and 
voltages are all in phase, 

then t;i = t?2 = i« , Cj == Cg = c (say) ; 

and v^ = y^Bmpt; r2 = V2sin^^; r = Vsin^^; c^ = Cim\pt; c^^C^sinpt. 

Vi = Vg = ^V, and C^ = Cj = C (say). 

The instantaneous value of the power is 

p = c^v^ + c.^v^, 



p = cv. 



The mean power is 



T T 



1 

-if 



n/2 



codt 



11. A 

^2^ J-2 



It is obvious that in this case the 



1 27r 
where T = — = — , n being the frequency, 
n p 

meter will read correctly however its pressure circuit may be energised. 

When the system is unbalanced and the pressures are not equal to one 

another, but the loads are purely non-inductive and have no capacity, e.g. 

consist of incandescent lamps, then the results established in Chapter II. for 
a direct current three- wire system hold, and the 
meter will read incorrectly whether its pressure 
circuit be energised by a current proportional to 
the total three-wire voltage or the pressure between 
either outer and the neutral main. The proof 
follows in exactly the same manner as for a direct 
current system, as the equations in this case not 
only hold for instantaneous values but also for 
effective values, there being neither self-induction 
nor capacity in either of the branches. 

When a phase displacement exists between the 
pressure and the current in the two branches, 
whether the two sides be equally or luiequally 

loaded, the pressures of these two sides will not be in phase with one another, 

and the above results are considerably modified. 

Referring to Fig. 104, O A represents the maximum value V of the total 

three-wire pressure, O B and C representing the maximum values V^ and ¥« 

respectively of the voltages between M^ and the neutral conductor M^ , and 




Mo- 



y* 



>/ 



Fig. 104. 
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Mo and M^ . Moreover, Vj lags behind V by some angle A B = a, and Vj is 
in advance of V by some angle A0C = )3. Also the current in the outer 
main Mj lags by some angle ^j behind the total three- wire pressure, and <f>2 
denotes the angle of lag of the current in the second outer conductor Mj 
behind Y. Then quite generally the following relations hold — 

v = V sin pt 

v^ = Yj sin (pt -a) c^ = Cj sin (pt - <f>^), 
Vg = Vj sin (pt + 1^) Cg = Cg sin (pt - KJi^). 

Also, if p denote the instantaneous value of the power absorbed by the whole 
system, 

and v = v^ + V2. 

It is not difficult to show that with the system balanced, in which case the 
power factor is the same for each side, and the pressures between the outers 
and the neutral conductor (i.e. maximum or root mean square values) are 
equal to one another, the three-wire watt-hour induction motor meter will 
read correctly only when its pressure circuit is energised by the total voltage 
of the system. It may be as well to point out here that by the power factor 
is meant the cosine of the angle by which the current in an outer conductor 
lags behind or leads in advance of the total three-wire voltage. If, on the 
other hand, the pressure circuit of the meter be not connected direct across 
the two outer mains, but between either outer and the neutral conductor, 
then, with the same conditions still obtaining, the meter will read high or 
low according as the pressure used lags behind or leads in advance of the 
total three-wire voltage. 

Case (i). The pressure circuit of the meter is energised by a current pro- 
portional to the total three-wire voltage. 

As the system is balanced, and the pressures, as measured by a voltmeter, 
are equal to one another, but the current is out of phase with the total 
voltage, then 

<^i = <^2 = s/»(8ay); a = ^. 

Also Vi = Y2. 

?;= Y Hin pt 

v^ = Yj sin (pt-a) c^ = c^=-C sin (])t - <l>). 
fg = Vj sin (pt + a) 

The instantaneous value of the driving torque on the armature of the meter 
is proportional to d, where 

The mean value of the driving torque is proportional to D, and 

T 



.■;/• 



l.dt 



■J-i V2 



— • cos ip . 
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ji 



Thus the energy given by the meter, assuming no errors, is 

J* 
V V 

-^.--COSc^rf^ 

Now the instantaneous value of t^e power absorbed is 
since ^1 = ^2 ^'^^ v = v^ + v^. 



T 

1 r ^. V c 

** 7^ I p«^ = — — = 



The mean power is ^ ~ t I P^^ ~ — = cos <^ . 



The true energy is, therefore, 

J* 



: 



. — =; • — =r COS dxit , 

Hence in this case the meter reads correctly. 

Case (ii). The pressui*e circuit of the meter is energised by a current pro- 
portional to the pressure between the main Mj and the neutral wire 

( i.e. _J_ j ; also Vj lags behind V. 

As in case (i.), ^i = ^2 ^ 

t? = V sin pt ; 
Vj = Vj sin (pt - a) 
v^ = Y^sin(pt + a) 
c^ = c^ = C sin (pt - <l>). 

The instantaneous value of the driving torque is proportional to tf, and 

= 2v^e^ . 

= 2 Vi sin (pt - a).C sin (pt - <^). 



.4>- 



T 
dt 



=2^1 •:|''"^^'^-)- 



The meter reading is thus 



Jj2 J2 
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The true power (instantaneous value) is, as before, 

p = C^ sin {pt - <^)[ Vj sin (p^ - a) + Vj sin {pt + a)] . 

T 

Now Y=.±^\pM 



•4/- 



>/2 s/2 
The true energy is 

E = I -^ . --= (cos ^ - a + COS <;^ + a)dt , 



y Q 

= -4 . -=(cos<^-a + cos<;^ + a). 



U. E 



Ti 

JTa T, 

Ti T, 

T, . T, 

= 2 Xl . -£cos(6-aW^-2 I -^ . Xl . sin <^ sir 

Jn/2 >/2 '"^ ' JV2 V2 



E = 2 -4 • -4 cos (6 - aW^ - 2 I -^ . J-I • sin <^ sin acif . 
JV2 >/2 '"^ ' J,- 

T, T, 

The meter, it will be seen, will read high although the circuits are 
balanced. If <^ = a=45', then the meter will measure 



r V c 



whereas the true energy is 



2 

JV2 s/2 

80 that the meter reads 100% high. 

If the meter be energised by a current proportional to the voltage between 

Vo 

the outer main Mg and the neutral conductor, t.e. by ~= , (Vg leads in 

v2 
advance of V,) then it can be shown in the same way that the meter reads 
low. In this case if ^ = a = 45° the meter stops, whereas the energy 
absorbed is 

v'2 s/2 
and when <^ = a =»= 30" the meter reads 33^% low. 



/; 
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When the three-wire circuit is \mbalanced and the power factors of the 
two branches are unequal (by the power factor is meant the cosine of the 
angle of phase difference between the total three-wire voltage and the current 
in either outer), the meter will read incorrectly whether its pressure circuit 
be connected across the two outer conductors or across either outer and the 
neutral main. The equations become, however, more complicated, and no 
general results of any value can be deduced from them. It may be of interest 
to give the case when the pressure circuit of the meter is connected direct 
across the system. 

Then t; = V sin^^ ; v^ = Vj sin (pt-a) ; Vj = Vj sin (pt + ft) 
Cj = Cg sin (pt - «^i) ; Cj = Cg sin (pt - <l>^y 

p == c^v^ + CgVg *^^ r = Vj + Vg . 

Also p= rjCj + VjCg. 

. •. by addition 2p = v(6^ + Cj) + e^v^ + c^v^ - (CyV^ + CjVj). 



^=M 72-72 ''-'^'^vi'^''^} 



The above represents the true mean power, and taking the integral 
between two given times will give the true energy. It can be easily shown 
that the speed of the meter armature is proportional to 

il^. ^. cos<Ai + -?--^cos<^J 

so that the meter will read incorrectly, and will read high or low according as 
the expression 



4(5. X..„(^-„)4^^^(^,.«} 



V2 J2 V2 V2 

-i|5^.^.COs(.^ + ^)4-^_.Il.OOs(^,-a)} 

is - or + . The above results are reversed with a leading current. 

The energy absorbed in a single-phase alternating current three-wire 
system can, of course, be readily obtained by treating each half of the system 
as an independent two-wire circuit, in each of which a two-wire induction 
meter is used. When the three-wire induction meter is provided with two 
pressure circuits connected together in series direct across the outer mains, 
and the junction of these two pressure circuits is connected to the neutral 
wire, then, whatever the conditions that prevail, the three-wire meter will 
correctly measure the energy consumed in the two branches. The meter, in 
this case, may be regarded as a combination of two two-wire meters. It must 
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be home in mind that each shuiit flux should be displaced bj a quarter period 
relatively to the main current flux with which it operates, the neutral wire 
being brought to the common junction of the two pressure circuits, and the 
load being non-inductive and containing no capacity. 

Measurement of Polyphase Power. — The polyphase systems in most 
general use are the two-phase and three-phaae with three or four wires. The 
measurement of power in such a system is not simple, as originally pointed 
out by Gorges,* and only a few of the more important equations on which 
polyphase meters are based are given, as it is quite beyond the scope of this 
book to include the complete theory of alternating currents. 

Equations of Power for a Three-phase Three-wire Star System. — In a 
three-phase three-wire system either a star (Fig. 105) or a delta (Fig. 108) 
connection of the three circuits is used. Referring to Fig. 105, (^, Cg, Cg and 
*^i J ''2 > ^8 severally denote the instantaneous values of the currents and voltages 
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Fio. 105. 
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in the phase branches 01, 02, and 03. The currents in the three supply 
mains, M^ , M^ , M3 , for the star coupling are the same as the phase currents, 
but the potential differences between the mains are the differences of the 
phase voltages as vectors. Denoting the instantaneous values of these 
potential differences between the mains, as shown in the diagram by v\ , v\ , 



and v g , then 



V, 



^'i-t's 



Also 



t^2 = ^8-V2 
*''8 = ^2-«'l- 

Cj -h Cg + C J = . 



The instantaneous value of the three-phase power absorbed in the star- 
connected circuits is 

p^c^v^^rC^y^-^-c^v^ .... (13); 

* Hans Gorges, '' Cber Drehstrom und seine Messang," SUktrotechnisehe Z&Uschrift, Heft 
17, p. 213, 1891 ; and ** On Rotary Currents and the Art of Measuring them," Electrical 
Review, vol. xxviii., 1891. 

For those who wish to puraue the subject further, the following references are added : — 
DrF. Zickermann, KT.Z., Heft 89, 1891 ; Dr H. Aron, E,T.Z., Heft 15, 1892; Frolich, 
E.T,Z., p. 574, 1898; Blondel, Lumiere Elec, 21st Jan. 1893; Blondel, Ptoc, Else. 
Congress, Chicago, p. 112, 1893; Lunt, Elec, World, xxiii., 1894; Behn-Eschenburg, 
KT.Z., 19th March 1896; Dobrowolski and Bauch, E.T.Z, 2nd April 1896; and Elec. 
World, xxiii. \). 492 ; Jackson, Elec, World, xxviii. p. 851, 1896 ; Prof. S. P. Thompson, 
Polyphase Electric Currents, Spon. (E, T. Z, = Elektrotechnische Zeitschrift. ) 
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and making the assumption that the alternating currents and voltages all 
have the same periodic time T, then the mean power in this interval is 



T T 



V\ ^^ ' 



This equation shows that three wattmeters would be required, one for each 
of the phase circuits 01, 02, 03, and the sum of their three simultaneous 
readings would give the total power. 

This method is impracticable on account of the general inaccessibility of 
the neutral point 0. Equation (13) can, however, be expressed in terms of 
the currents in the mains, and the potential differences between them. 

= C^(V^ - rg) + C2(t?2 - Vo) + V8(Ci + Cj + C3) 

since Cj + Cj + Cg^O. 

Also v\ « Vj - Vg and v'^ = - (t'a - ««)> 



and 



T T 

' = ^ V'l^^-T■p2«''2^^• 



Hence the power is obtained by the use of two wattmeters Pj and Pg con- 
nected as in Fig. 106. 

"^^ In a three-phase system the currents and pressures are sine functions of 
the time, have equal periods, and are displaced relatively to one another by 
120*. If the system be perfectly balanced, i,e, the phase branches be equally 
loaded, then 



Vi^V^ampt, 


e, = Co8in(p<-^), 


t;2 = Vo8in(^<-120*), 


c, = Co8in(i><-120*-^), 


Vg-y^am{pt-2i0°), 


c, = Co8in(p<-240*-^), 



where ^ denotes the angle of lag of the current behind the pressure. This 
angle will also be the same in all the three-phase circuits, 01, 02, 03, in this 
case, and p — 2xn, n being the frequency. Moreover, the maximimi values of 
the pressures will be equal to one another, and the same condition will obtain 
for the currents. 

Fig. 107 is a vector diagram of a three-phase star system, and Mj , M^ , 
Mg represent the maximum values of the phase voltages v^, v^, v^. If the 
figure be rotated coimter-clockwise the phase voltage Vj will pass through its 
positive maximum first, taking the line Mj as the standard of reference, then 
the phase voltage Vg and finally Vg. The P.D. at any moment between the 

* Throughout this work the waves of P.D. and current, in conformity with ordinary 
practice, are assumed to be sine-shaped in an alternating current svstem, 'whether single- 
phase or polyphase. The results obtained become variously modified when this assumption 
no longer nolds. 
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mains Mj and Mg is the difference between the voltages v^ and Vg (as vectors). 



Rz^ 




"^/Cy 



Fio. 107. 



The maximum value is found by compoimding Vj with - Vg , and is repre- 
sented by the resultant Rj in the diagram. 



Since 



Vi = V, = V3 = Vo(say), 



ORi = 2VoCOs30% 



OR, = V3.Vo. 



The P.D. between the mains is, therefore, »J3 times the phase voltage V, 
and lags 30** behind it. In the same manner R2 is the maximum value of 
the P.D. between Mg and Mg and lags 270* behind Vj , and Rg is the P.D. 
(maximum value) between Mj and Mj and lags behind Vj by 150'; R'^ = - O Rj 
and lags 90' behind V^ . 

The instantaneous values of the pressures across the mains are thus — 

v\ = v^ - rg = 73. V^ sin (pt - 30") 
t^'2 = «^8-^2= V3.Vosin(p<-270") 
r'g = t;.2 - Vi = J3. Vq sin (pt - 1 50"). 



Also 
The mean power is 



= ^2-^8= >/3.Vosin(i?<-907 

T T 



T 



» Tp- Co shi (j)t - ft>) ^3. Vo sin (pt - 30yt 




[+ 
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+ Y Co sill (pt - 120^ - </») J3,y^ bin (pt - 90')dt . 





And T = l = 



in 



P = 



p ya.VoCo I sin (/?/ - </») . sin (/>< - SOyipt 



^S.VqCo fsin (p^ - 120' - </») sin {pt - 90')r;j;^ . 
2. J 



73. VqCo j fcos (</> - SO'')dpt - f COS (2/?< - </» - 30')rf2^^ '. 

"^ ■ "^ ) J J f 





2ir 2ir 



2.- 2 (J J . I 

» 

p = 73 . ^{'0 cos (<^ - 30°) + V3 • ^ . cos (^ + 30'). 

t.c. P = V3.V.C cos («/» - 30') + v'3.V.C. cos {<^ + 30'') . . (14), 

where V and C are the root mean square values of the phase voltage and the 
phase or main current. When the system is balanced the one wattmeter 
Pj (Fig. 106) reads <^3.V.C. cos (</»-30°), and the other wattmeter Pg reads 
J'3.V.C. COB (^ + 30'), the sum of these two readings giving the total three- 
phase power, viz. 3.V.C. cos <^. 
The equation 



u 

T T 

'= rp <^l(«l - ^sW^ - ^ ^'iOh - ''2)^-^^ » 





holds whatever the manner in which the phase branches may be loaded. 
When they are unbalanced, then 

v^ = Vj sin pt Cj = Cj sin ( pt - f^j) 

^2 = Vg sin (pt-a) Cg = Cg sin (pt-a- ^2) 

Vj = Vg sin {pt-13) Cg - Cj sin ( j?< - ^ - </»8)- 
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In this case the total three-phase power is 

V'lC'i cos «^ + V'jC'g cos <(!»2 + V'jC'g cos tf^z , 

where VpV'jjV'j and C'i,C'2,C'3 are the root mean square values of the phase 
pressures and currents, and cos ^ , cos ^j , cos ^j » ^r® the power factors of the 
three branches. The two wattmeter readings will give the true power in 
this case also. This may be shown as follows : — 

T T 



U 

T 



T 



I sin (pt- <ft^) sin pt dt 



sin {pt - /?) sin {pt - tl>^)dt 





T 







C^.Y^{pt - a - «/»2) sin {pt - fi)dt 


T 

!.,. Vg sin {pt - a) sin (^^ - a - ^^g)*^^ • 



. . • (i). 
Now Cj + Cg + C3 = 

Cj sin (/i< - ^1) + Cj sin {pt - a - ^2) + ^a ^^^ {P^-fi- ^3) = ^ 

I.e. { Cj cos <^i + Cg cos (a + ^g) + C3 cos {fi + f^j) } sin pt 

- { C^ sin </»j + Cj sin (a + </»2) + Cg sin {/S + fff^)} co&pt = . 

It, therefore, follows that 

CiCOS</»i + C2COs(a + </»2) + C8COs(/J + </»3) = . (ii) 

and C^ sin <^i + Cj sin (a + f^g) + ^s ^^^ (i^ + ^s) = ^ • • (^")- 

Multiplying the left-hand terms of equation (ii) by cos fi and those of 
equation (iii) by sin ^, we obtain by ad(fition 

Cj cos {<t>i - )8) + Cg cos (a + </»2 " /^) + ^8 c^ */>s = ^ » 

I.e. Cj cos (<i^i - /^) -r Cg cos (a + 4^2 - )^) "= " ^« ^^ <i^8 • 
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Inserting this result in eqiiation (i), it follows that 

P == b_Ll cos ^1 + -2):2 cos ^2 + ^Al3 coS i>^ , 

!^ a^ 12 

i.e. P == C\.V\ cos </»! -h Cg-^'a cos </»2 + CV Vg cos </»8 . 

Hence, however unbalanced the system may be, two wattmeters, as shown 
in Fig. 106, will measure the true power, and consequently two watt-hour 
induction meters connected in the same manner will give the energy taken in 
a given time. 

Transformations of the fundamental equation of the instantaneous power 
absorbed in a three-phase star system (Fig. 105) may be obtained as follows : — 

p = c^v^-\-e^V2-\-c^v^ . . . • (13), 

Ci + C2+C8 = 

7/« = v«-«;o 



Inserting successively in equation ( 1 3) c^ = - «« - 6*3, Cg = - ^i - Cg , Cg = - Cj - Cg , 
and using the above equations between the voltages, it can be easily shown that 

P^c^'V'^-c^,v\ (15), 

p^c^.v^'-e^,v\ (16), 

p = Cyv\-c^.v^ (17). 

Adding equations (15) and (16), 

2/> = t;'8(r-2-Ci) + C3(t;'2-t7'i). 
From equations (15), (16), and (17) by addition 

3^ = Ci(t;\ - t;'g) + C2(t;' 8 - v 2) + 63(7/ 2 - v'l) 
or 3;? = 7/,(^i - Cj) + v\{c^ - C2) + ^'3(62 - q) . 

If the system be perfectly balanced, i.e. if 

^i{^\ - ^'z) = ^^{^'z - ^'2) = C8(v'2 - ^''iX 
then P^(h{'^\-v\), j 

Equations of Power for a Three-phase Three-wire Delta System.— In 

the delta coupling of the three-phase circuits (Fig. 108) the voltages between 



or 
or 



(18). 

(19), 
(20). 



(21). 




Fio. 108. 



the mftins are the same as those across the sides of the triangle, hut the phase 
currents differ from the currents in the mains M, , M, , and M, . 
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The currents in the legs of the triangle are denoted by c\ , r.^ , c\ , those 
in the mains by c, , Cg , c^ , and the pressures by v\ , v\ , v\ , all being instan- 
taneous values. It will be readily seen that the following relations hold : — 

Also v\ + v\ + r 3 = . 

The instantaneous value of the power is 

V^cyv\ + c\,v\ + c\.v\ .... (22). 

In the majority of cases it would be impossible to measure the currents 
in the legs of the triangle; and it is, therefore, necessary to transform 
equation (22) so that it contains the currents in the supply mains and the 
pressures between them. From (22) it follows that 

V = «^'i(c'i - c'g) + v\{c\ - c'3) + c\{v\ + v\ + v\) 

Since v\ + v\ + v'g = . 

Also Ci = Ci-c'3 and c^^c'^-c^. 

i? = t;\ci-tV2 (23). 



Hence 



1 J 





It thus follows that, as in the former case with the star connection, two 
watt-meters are necessary. 

Assuming an equally loaded system, then 

v\ = V'^, sin pi c\ = Co sin {pt - <^) 

v\ = V'o sin \pt - 1 20') c\ = Co sin {pt - 1 20* - </>) 

v\ = V'g sin {pt - 240'') c\ = Co sin {pt - 240'* - «/»). 

Now Ci = c'l - c's = Co sin {pt - <^) - Co sin {pt - 240" - «/») 

= V3TCo8in(p^-^-30'*). 
Also f 2 = ^'3 - ^'2 = ^0 s"^ (1^^ - 240* - <^) - Co sin (/?< - 1 20' - «/») 

-- V3.Co8in(p^-<^-^). 

T 

P = -i ^3.Co sin (p/ - </» - 30'*).V'o sin ytdt 


T 

+ ^ I V3.Co sin (y'< - ^ - 2)-V'o Bin (p< - 1 20-)d< . 



The equation for the mean power, as in the former case, reduces to 
P = ^3. V.C. cos («/» + 30') + V3.V.C. cos {^ - 30'), 
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V being the root mean square value of the P.D. between the mains and C 
the root mean square value of the current in one of the legs of the triangle. 

Two-Wattmeter Method of Measuring Polyphase Power. — The power 
absorbed in a three-phase three-wire system is thus obtained by taking the 
simultaneous readings of two wattmeters P^ and Pg , connected as in Fig. (109), 
whether the circuits be star or delta coupled, and whatever the distribution 
of the loads. Two watt-hour induction meters will, therefore, in the same 
way, measure the total energy supplied to a three-phase three-wire network 
when coiHiected to the system on this method, known as the two- wattmeter 
method of measuring power. 



Mi^ 






Ms* 
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Two-phase System. — In a two-phase three- or four-wire system the power 
is also measured by means of two wattmeters, and two watt-hour induction 
meters will give the total two-phase energy consumption. In general the 
two phases are kept distinct from one another, and the system consists simply 
of two single-phase alternating current circuits, differing in phase by a 
quarter period. 

In a two-phase three-wire system (Fig. 110) the one conductor M^j acts 
as a common return to the other two. The instantaneous value of the 
current flowing in it is the sum of the instantaneous values of the two 
currents in M^ and Mg . When the system is balanced and there is no dis- 
placement between the currents and pressures, if C denote the R.M.S. value 
of the current in Mj or Mg , then the current in Mq is ^2.C , and the 
pressure across Mj and Mj is /,y2.V, where V is the R.M.S. value of the P.D. 
between M^ and Mq , or M^ and Mg . 

Referring again to the delta coupling (Fig. 108), the instantaneous value 
of the power may be variously expressed as follows : — 

. . . (22). 





p = c\.v\ + /g '''2 + ^'s-^^'s • 


Also 


v\ + v\^ \ v^'-=0 


and 


Cj + c'3 -c\ = 




Cj + c'g-c'g^O 




c^-\-c\-c\ = 0. 



Inserting successively in equation (22) v^= -v\'-v\,V2= -v\-v\ and 
v'g, and ushig the relations between the currents in the supply 



mains and those in the legs of the triangle, then 



p= 


»1«1- 


-v^.c^ 


p= 


t>,Cj- 


-"i^s 


J>= 


VjCg- 


■^t"! 



(23), 
(24), 
(25). 
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These equations were first obtained by iJr Aron,* and used in the construction 
of polyphase meters. 

From equations (24) and (25) by addition, 

2p = V8(^2-^i) + C8(^''2-«''i)> .... (26). 
Similarly 

2p « v\{c^ - Cj) + c^{v\ - V 3), . . . . (26a), 

2p = v\{c^ - Cg) + c^{v\ - v\\ .... (266). 

Adding equations (23), (24), and (25) together, then 

3p = v\{(^ - Cj) + v\{c^ - Cj) + i^\{c^ - Ci), . . (27), 

or 3p == Ci(t;\ - v^ + c^{v\ - v^ + 03(0 g - »'i)i • • (28). 

(27) and (28) are the oldest equations for the measurement of power in a 
three-phase system, and were originally established by Gorges. 
If the system be perfectly balanced, then 

and equation (28) reduces to 

V = «i(v'i - v's) = h('^\ - ^'2) = ^4y\ - y'i)> • (29). 

From equation (29) it follows that the three-phase power, in a perfectly 
balanced network can be measured by means of one wattmeter, the main coil 
of which is placed in one of the supply mains, the one end of the shunt coil 
of the wattmeter being permanently connected to that main, while the other 

Ml ^' 



Ms'^ 






T 



3ra-2i. 



v/ 
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Fig. 111. 

end is connected to the arm of a two-way switch, by means of which it can 
be alternately joined to the other two mains. This will be imderstood by 
reference to Fig. .111. 

Equations of Power for a Three-phase System with Four Conductors. — 
In a three-phase system with four conductors, t the equations for the power 
absorbed become, in general, modified, owing to the current in the neutral 
conductor not being zero. ^ 

A three-phase four-wire system combined with star and delta connections 

• Dr Aron, ElektroUchnische Zeitschrift, 1892, Heft 15. English Patent No. 21854,' 
1891. 

+ The equations for a three-phase four-wire system were first given by Dr H. Aron, 
Elektricitats^hler fiir Dreiphasenstrom mit Tier Leitungea, ElektroUchnischA ZeiUchriftf 
Heft 10, 1901. Dr Aron's British Patent 21355, 1899. Also Polyphase Meters, £lec. 
lUvieio, vol. Ivi. p. 384, 1905. Further, see Dr G. Stern, EUktrotechniiche ZcUsehrift, 
Heft 12, 1901. 
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is illustrated diagrammatically in Fig. 112, and the letters have the following 
meanings : — 

<^i > ^2 » ^3 » ^"^ ^0 denote the instantaneous values of the currents in the 
three supply mains Mj , M., , Mg and the fourth conductor M^ respectively ; 

^1 J ^'2 » ^\ ^^^ ^^^ instantaneous values of the currents in the star branches. 

t?, , rg, 6^3 „ . „ pressures „ 

c^^ , c'g , ^'"3 „ „ currents in the legs of the 

triangle. 
v\ , v'2 1 v\ „ „ pressures across the coniers of 

the triangle. 




Flo. 112. 
The instantaneous value of the power absorbed in the combined niesli is 

The following relations also hold : — 

^1 + 62 + ^8 + ^0 = 0; 

'^3=^3 + ^2-^ I- 

Substituting in equation (30) the values of v\ , v., , v'.^ , we obtain 

V = ^\{^\ - ^a) + ^"li^'z - ^2) + ^"3(''2 - '^i) + ^'1^1 + ^\'^2 + ^^'s-^s » 
which may be written in the form 

P = ^\(p\ + ^"1 - ^"3) + ^-'{^'2 + ^\ - ''\) + '^3(^'3 + ^\ - ^^)' 

and giving the expressions in the brackets their values in terms of the currents 
in the mains, then 

^ = tVCi + tV^2+^3<'3» .... (31). 

The total power absorbed is obtiiined by means of three wattmeters 
having their current coils connected in the three supply mains M^ , M2 , Mg , 
and their volt coils connected between these mains and the neutral 
conductor Mq. 



Now 



1*1 + ^^2 + ''3 "= ^ • 
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Hence, by inserting in equation (31), ^3= -(yj + Vg), 

JP = ^1(^-^3) + ^2(^2-^8) .... (32). 
Similarly, by substituting for v^ and t\ in succession, we obtain ^ 

P^v^{c^-c^)-¥Vq{c^-c^), .... (33), 
and P = V2(c2-c{) + v^{c^''C^), .... (34). 

Equation (32) may be written in the form 

But t7j = V\ + Vg , 

^2 = ^3 ■" ^'2 » 

and r^ + Vg— -^3 

i> = v\.Ci + v^(c^ -h C2 + Cj) - c^v^ , 
and Cj + Cg + C3 = - a^ , 

Further «i + Vj + Vg = v\ + Vg + 1^3 - r'j + i-'j 

= 3t'3 + v\ - v\ . 

and t?i + V2 + t?8 = 0. 

* 3 

i' = t;',(ci + |)-»',(ej + |) . . . . (35). 
From equation (33) we obtain 



Substituting for v^ , 



But 



V3==V2 + t;'2, 



2* 

Vj + »2 + Vg = = 3 Wj + v'2 - i^'s , 

^^ = -3— • 

JP = Ci(t;2 - v'g) + C3(t;2 + '/g) + ^2<'2 > 

= Cg.Vo - CjV'g + ?;2(Cl + C2 + Cg), 

-Cg.r'o-CpVg-Co.yo. 
or i' = t;'2(cg + ^^)-r3(c, + |) .... (36). 
In an analogous manner it may be shown that 

'1- -3—. 
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and that equation (34) becomes 

;. = t;'3(c, + j)-t',(c3 + |) . . . (37). 
Adding equations (36) and (37), 

2i> = v\{c^ - c,) + (c3 4- fj{v\ - 1;',) . . (38). 

From equations (35), (36), and (37) 

^p = v\{c^^-(^)-\-v\{c^-'e^) + v\{c^^.c^) . . (39), 

Comparison of Equations for Three-phase Systems with Three and with 
Four Conductors. — It will be seen, on comparing the equations for the power 
absorbed in a three-phase three- wire system (delta or star) with the corre- 
sponding eqiiations for a three-phase network with four wires (star or mixed 
connections), that a three-phase meter designed for use on a system with three 
conductors will, in general, not be suitable for the measurement of the energy 
absorbed when a fourth conductor from the neutral point of the star is us^. . 
To emphasise this point these equations are again given below : — 

2v-v'ic -c.)-^c(v' 'V'^ I Three-phase System 

^P-vJ,c^ <a) + W2 ^i; \ with Three Wires. 

3jp = V ^(ci - Cg) + v .(Cg - c.^) -h V 8(C2 - c^) ) 



2p = v\{c^ - Ci) + [c^ -h |)(t;'2 - v\) 

3p « v\{c^ - Cg) + ^'2(^3 - ^^ + ^'3(^2 - ^i) 



Three-phase System 
with Four Wires. 



In the above, c, , Cj , c^ arc the instantaneous values of the currents in the 
supply mains, v\ , v\^ , v\ the instantaneous values of the pressures between 
these mains, and Cq is the instantaneous value of the current in the fourth or 
neutral conductor. It also follows from the above equations that a meter 
designed on the principle expressed in the equation 

3/) = v\{c^ - Cg) + //2(C8 - C2) + t;'3(c2 - Ci) 

wuU be applicable to a three-phase system with three or four conductors, the 
reason being, that, as only the differences between the main currents are in- 
volved, the current in the neutral wire becomes obliterated from the equation. 
Further, from any given equation for a three-phase three-wire system, the 
corresponding equation for a system with four wires is readily obtained by 

adding ^ to each term representing a current in one of the three supply mains 

of the four- wire system. 

The currents c^ , Cg , r^ in the mains of the three-phase three-wire network 
are, of course, not the same as the currents Cj , Cj , Cj when four wires are used. 



CHAPTER VIII. 
SIKaLE-PHASE INDUCTION METEES. 

General Description — Phase Difference between Pressure and Main Current Fields — Methods 
of Phase Compensation — Effect «f Over-Compensation and Under-Compensation — 
Electrical Company's Induction Meter — Hartmann k Braun Induction Meter— 
Siemens-Schuckert Induction Meters — Deutsch-Russische Induction Meter — Induction 
Meter of Mix & Genest — Hookham Induction Meter — Westinghouse Induction Meter — 
Aron Induction Meter— Bat Induction Meter — Brush-Gutraann Induction Meter — 
Ferranti-Harailton Induction Meter— Fort Wayne Induction Meters— High Torque 
Induction Meter of the General Electric Comjiany, U.S.A. — Scheeffer Induction Meter 
— Stanley Induction Meter— A.C.T. Induction Meter— Induction Meters of the 
Compagnie Anonyme Coutinentale, Paris— Eclijise Induction Meters — Metera with 
Current and Pressure Transfonners. 

General Description. — The electrical energy consumed in a given time in 
an alternating current circuit is, at the present day, almost exclusively 
measured by means of meters of the induction type, in which the inductive 
effect of several currents differing in phase is utilised. A very simple con- 
struction is obtained by the use of this principle, giving a small energy loss 
. and a light revolving element, with the total elimination of brush friction and 
the troubles inherent to commutators and brushes. 

Commutator motor meters, without iron in either the armature or field 
system, such as have been included in Chapter IV., were originally used for 
this purpose, but have been completely superseded by the induction meter on 
account of its manifold advantages. 

In general, alternating current induction meters are designed on the 
principle of Ferraris, in which non-magnetic solids, revolving discs or cylinders 
of copper or aluminium, are acted upon by rotary or progressively shifting 
magnetic fields, arranged symmetrically or asymmetrically to the axis. 

In the meters based on the rotary field of Ferraris, two stationary 
solenoids or electro-magnets are used, usually situated together on one side 
of the axis of the revolving element. The one coil is traversed by the main 
current in the circuit and the other by a pressure current. The two fields of 
these coils are displaced in phase and usually cross one another, producing 
rotation of the movable conductor. The motor in an induction meter is 
really a split-phase motor, the rotor of which in general rotates in a two- 
phase rotary field. The one phase of this field is produced by the current 
taken by tlic installation, the other by means of a branch circuit in parallel 
with the supply mains. 

An induction motor meter hsis essentially three main parts — the motor 
proper, the brake system, and the integrating mechanism. 

132 
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The revolving element is either a light disc or bell mounted on a short 
vertical spindle, which also carries a driving worm. The stator of the motor 
consists of a shunt and series electro-magnetic system, which produces a 
driving torque on the revolving element proportional to the product of the 
two fields multiplied by the sine of the angle of phase displacement between 
them. The work done by the motor consists in driving the integrating 
mechanism and the brake system, which latter is the ordinary Foucault 
brake. 

In general, the same armature disc is used as the brake disc and revolves 
between the jaws of a permanent magnet, which induces in it the eddy 
currents producing the retarding torque proportional to the speed. 

The revolutions of the meter spindle are transferred by means of the worm 
to an integrating mechanism, which is an ordinary train of wheels actuating 
the hands of a dial counter or number discs, the figures of which appear 
in line in slots in the dial face and usually spring into position. In either 
case the figures of the dials indicate directly, without the use of a multiplier 
or constant, the energy consumption in Board of Trade or other convenient 
units. 

Phase Difference between PreBSure and Main Current Fields. — The 
driving torque, as already stated, is proportional to the product of the two 
fields acting on the disc, multiplied by the sine of the angle of phase difference. 
The one field is produced by the main current winding and the other by the 
pressure winding of the meter, so that they are respectively proportional to 
the main current in and the pressure of the circuit. 

'The angle of phase difl^erence varies in different meters from about 70 to 
80 or 85 degrees, and the sine of an angle of 85 degrees does not differ 
appreciably from unity. The driving torque is then proportional, veiy 
approximately, to the product of the current and voltage, or the power 
delivered to the circuit, but only when the current and the voltage are in 
phase with one another. 

For purely non-inductive loads, such as incandescent lamps, it is not 
essential that the meter should be artificially compensated, so that the angle 
of lag between the shunt flux and the main current flux, when the current 
and voltage are in pha^e, should be exactly 90 degrees. When the meter is 
intended for use on circuits in which the current is out of phase with the 
impressed E.M.F., it is absolutely necessary, for the meter to register 
correctly, that the angle of phase difference between its two fields is 
artificially increased until it is a right angle. In this case if <^ denote the 
angle by which the cun-ent either -leads in advance of or lags behind the 
pressure across the supply mains, the angle of phase displacement between 
the shunt and series fluxes will be 90" ± <^, und the sine of this angle will be 
equal to cos <^, which is the power factor of the circuit. The driving torque 
under these conditions is proportional to the product of the current and 
pressure multiplied by the power factor, that is, the true power delivered to 
the circuit, and therefore the revolutions of the meter disc executed in a 
given time will be proportional to the true energy consumption in that 
interval. 

Methods of Phase Compensation. — Various methods are in vogue by 
means of which the meter is compensated to produce the desired phase 
relationship. Induction meters may be divided into three classes according 
to the method used in attaining this result, and this classification has been 
adhered to in the descriptions of the meters included in this chapter. 
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The first method consists in the employment of an impedance coil and a 
non-inductive resistance in combination with the pressure winding of the 
meter. In this way the shunt current, already lagging by a considerable 
angle behind the pressure, gives rise to two components, of which the one, 
traversing the shunt coils and producing the shunt flux, is caused to lag still 
further behind the total shunt current, and the shunt flux, by suitably 
adjusting the different circuits, will be displaced by exactly 90 degrees from 
the impressed E.M.F. 

In the second method, which is analogous to the first in so far as it 
operates on the pressure circuit only, the phase compensation is obtained by. 
the use of a short-circuited secondary winding which gives rise to a magnetic 
field displaced by more than 90 degrees from the shunt current. These two 
fields combine to a resultant shunt flux, which, by suitably designing the 
shunt electro-magnet regulating the impedance coil, if any, and adjusting the 
conductivity of the secondary winding, will be at right angles to the pressure, 
or to the main current flux when the current is in phase with the E.M.F. 

The third method differs materially from the other two, in that it affects 
the main current flux. As large an angle of phase difference between the 
shunt and the pressure is obtained either with or without an impedance coil, 
and the main current winding is composed of two portions, of which the one 
is highly inductive and the other has very little self-induction. By this 
means a resultant series flux is produced, leading by an angle in advance of 
the pressure. By proper adjustment of the relative inductance of the two 
main current circuits of the meter, this angle of lead will be the complement 
oi the angle of lag of the shiuit flux behind the pressure when the current 
and E.M.F. are in phase. When this condition is fulfilled the meter will 
register correctly on inductive loads. 

Vector diagrams illustrating these methods are given in connection with 
the description of the representative types of the meters belonging to these 
three classes. In each case the magnetic flux produced by a current flowing in 
the shunt or series winding is shown in phase with the current. This is not 
strictly correct, as the current will, in general, lead hi advance of the flux to 
which it gives rise, because the time constants of the electrical and magnetic 
circuits are never quite the same. This very slight difference does not in any 
way affect the result, and has not been taken into account, for the sake of 
clearness in the diagrams. 

Effect of Over-Oompensation and Under-Gompensation. — The true 
power in an alternating current circuit is given by the equation P = C.V. cos 
if>y where C denotes the current, V is the voltage, and cos <ft is the power fac- 
tor. ^ Whether the condition of exact quadrature between the series and 
shunt flelds, when the load is non-inductive, be fulfilled, or not, the torque 
exerted on the disc is 

D = K.F,.F^. sin*. 

F, and F,. denote respectively the resultant shunt and series fluxes, <I> is the 
phase displacement between them, and K is a constant. 

When the meter is properly adjusted, <I> = - ± <^ , <l> being the angle by 

which the current leads in advance of or lags behind the pressure, and it 
then registers correctly on loads of any power factor. If an induction 
meter be over-compensated, i.e. when the power factor is unity, if the angle 
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between the main current and shunt fluxes exceed - by some small angle o^ 

then the meter will read high when the current is a lagging current, and when 
a equals the angle of lag the reading will be a maximum, the power, as 
registered by the speed of the meter, corresponding to the power when the 
load is non-inductive. 

Now D = K.F,.F,sin^ 

but F,ocV and F,oc C 

also 0=^^ + a-<^j 

.-. D = K'.V.Csin(j_<^) 

= K'.V.C. cos (<^ - a). 
Since <^ - a < <^ , therefore cos (<^ - a) > cos^ . 

It thus follows that the torque exerted is too large, and the meter runs fast 
and, consequently,, registers too high. 

When - a = i,e, a = <^ 

then cos (<^ - a) = I 

and D = K'.C.V. 

The meter in this case registers as though the current C and the voltage V 
were in phase with one another. 

When the current leads in advance of the pressure by an angle ^, it can 
be shown in a similar manner that the meter will read low, and will stop when 

a + ^ = - , when the meter is over-compensated. In this last case, when 



a + <^ = ^, 



D = K'.V.C. cos(a + <^) 

'2 



= K'.V.C. cos 



It will be readily seen that the reverse holds when the meter is under- 
compensated, t.e. 4> = < (^ - a) ± ^ > . In this case the meter will read low 

for a lagging current and high for a leading current. 

The Electrical Company's Induction Meter. — The alternating current 
watt-hour meter for inductive loads, type K.J., of the Electrical Company, 
Limited, London, is typical of those induction meters in which the 90 degrees 
phase displacement of the shunt flux from the voltage of the circuit, or the 
series flux when the main current is in phase with the supply pressure, is 
obtained by the employment of an impedance coil and a non-inductive re- 
sistance in the pressure circuit of the meter. In this case the non-inductive 
resistance is placed in parallel with the pressure windings, which are connected 
in series with the impedance coil direct across the supply mains. The whole 
shunt current, lagging behind the supply voltage, passes through the im- 
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pedancc coil and divides into two portions, of which the one flows through 
„ the non-inductive resistance and 

^ the other traverses the pressure 

coils of the meter. 

The method by means of 
which an exact quarter-phase 
displacement between the shunt 
flux and the supply pressure is 
obtained will be understood by 
reference to the vector diagram, 
Fig. 113, on the right of which 
is shown diagrammatically the 
pressure circuit of the meter. . 

OE represents the voltage 
V across the terminals A and B 
of the pressure circuit, and Ej 







Fia. 113. 



and OE2 are respectively 




impedance 



coil I and the parallel circuit, composed of the pressure winding S and 
the non-inductive resistance R. O S is the total simnt current in the 
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choking coil, and, in consequence of its high self-induction, it lags considerably 
behind the voltage V, across its terminals. This current splits up into the 
two portions S^ and Sg , of which S^ is the current in the pressure winding 




Fio. 116. 



lagging behind the voltage, also on account of its self-induction, and O S^ is the 
current in the non-inductive resistance, practically in phase with Vg. F^ is 
tlie shunt flux, due to the current Sj in the pressure windmg. By properly 




Fio. 116. 

choosing the resistance R and adjusting the self-induction of the impedance 
coil I, a phase displacement of exactly 90 degrees can be obtained between 
O F| and E. C represents the main current C in the circuit, supposed lag- 
ging behind the supply pressure by an angle ^, and Fg is the main current 
flux to which it gives rise. The power supplied to the circuit is in this 
instance V.C. cos <^, where V is the supply voltage and C is the main current. 
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as given respectively by a voltmeter and ammeter, and cos ^ is the power 
factor. The driving torque exerted by tjie series and shunt fluxes on the disc 
is proportional to the product of these two fields multiplied by the sine of the 
angle of phase displacement between them. The shunt flux is proportional to 
the pressure and the series flux to the main current, and, further, the angle of 
phase displacement between the two fields, with the above condition of quad- 
rature fulfilled, is the complement of the angle by which the main current lags 
behind the pressure, and therefore the sine of this angle is equal to cos <^. 
The driving torque is thus proportional to V.C. cos ^, or the true power, and 
the revolutions of the meter executed in a given time will be a measure of 
the true energy delivered in that time. 

The disadvantage of the above method of connection is, that in the non- 
inductive resistance a large part of the energy used in the pressure circuit is 
wasted in heat. 

The meter, with the cover removed, is illustrated in Fig. 114, and its various 
parts are shown diagrammatically in Figs. 115 and 116. The revolving 
element consists of a light aluminium disc A, mounted on a vertical spindle, 
which rests in a flexibly supported ball-bearing. The disc rotates between 

the yoke R and the poles of the electro- 
magnet E, and its speed is controlled 
by the permanent magnet M in the 
usual manner. The worm Z, on the 
upper part of the meter spindle, drives 
the cyclometer counter, which registers 
the consumption direct in B.O.T. units. 
The rotation of the disc is produced by 
the electro-magnet E, having three verti- 
cal limbs (Fig. 116), on the outer two 
of which are wound the pressure coils 
Sj and Sg, whilst the central limb 
Fi<*- 117. carries the main winding M of the meter. 

A few of these main current turns are 
placed on the limb which carries the shunt coil S^ to counterbalance the 
disproportionality between the two outer poles, which would otherwise result 
from the action of the main current fields. This will be understood by 
reference to Fig. 117, which is a diagram of the shunt and series fields. 

The field due to the shunt coils, shown by the dotted lines S S, is affected 
by the fields Hj and Hg produced by the main current coil situated on the 
central limb. The one shunt pole will be strengthened and the other will be 
weakened, so that, with increasing load, the former pole will become saturated 
before the other. To compensate for this inequality the left-hand limb of the 
electro-magnet has woimd upon it a small portion of the main coil, and both 
the limbs carrying the shunt coils become saturated simultaneously. 

On open circuit, the two shunt coils Sj and Sg produce a considerable 
torque if the air-gaps Lj L^ (Fig. 116) or the magnetic effects of the two coils 
are different. 

The yoke R is adjustably mounted, so that its relative height above the 
two outer poles can be altered to compensate for friction on light loads. 

Shunt running is obviated by the use of a small piece of bent iron wire 
fastened to the hub of the armature disc. With no current in the main coils, 
the wire is held in position by the permanent magnet when it is between 
their poles, and motion of the disc is prevented. The position of the per- 
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manent magnet can he altered relatively to the disc for the speed adjustment 
of the meter. 

The Hartmann & Braun Induction Meter. — In the induction meter for 
inductive loads, manufactured hy Hartmann & Braun, Frankfort, Germany, 




Fig. 118. 



Fig. 119. 



the same method of phase compensation is used as in the preceding type. 
The impedance coil is in series with the shunt or pressure coils of the meter, 
and the latter are connected in parallel with the non-inductive resistance. 
Fig. 118 represents the back of the 
meter with the cover taken off to 
show the shunt and series system, 
and Fig. 119 is a front view with 
tlie cover and the integrating train 
removed. SS are the shunt coils, 
woimd on the vertical limbs of the 
laminated shunt magnet w, of which 
the bottom yoke Q carries the main 
current coil H. In the air-gap 
between the shunt magnet ?i and 
the yoke Q is the aluminium arma- 
ture disc A, which also rotates 
between the poles of the adjustably 
mounted brake magnet m. T is 
the choking coil, and W is the non- 
inductive resistance in the pressure 
circuit. The aluminium disc A is 
mounted on a brass tube, which 
carries at its lower end a highly 

polished steel pivot running in a jewel spring step-bearing, no clamping 
device being used. The spindle drives through a worm the integrating dials, 
shown in Fig. 120, the hands on which all rotate in the same direction, thus 
facilitating the reading of the counter. 

At B, Fig. 119, is shown the screw by means of which the friction device 




Fig. 120. 
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can be adjusted. It consists of an ahiminium strip, which projects through 
the cast-iron base plate between the poles of the shunt magnet and, in general, 
occupies approximately a mid-position beneath the vertical air-gap separating 
them. The magnetic lines of force, which are produced by the shunt coils S S, 
proceed from the poles of the shunt magnet to the laminated yoke Q, in one 
direction from the one pole and in the opposite direction from the other. 
The aluminium strip is traversed by some of these lines and in different 
directions from the different poles, so that the eddies induced in it are 
opposed in direction, and the fields they produce form rotary fields with the 
adjacent magnetic shunt flux, exerting a small driving torque on the disc A. 
With an exact symmetrical position of the strip relatively to the air-gap 
between the poles, these two rotary fields will be equal and opposite, and 
their resultant effect on the disc A will be zero. By displacing the strip to 
a greater or less extent to the left or right, a positive or negative turning 

movement of definite magnitude is 
obtained, and is used to compensate 
for friction, or for any other similar 
disturbing influences. 

The Siemens-Schuckert Single- 
phase Induction Meter, type W.B.J., 
for inductive and non-inductive loads, 
is illustrated in Fig. 121. The re- 
volving element of the meter consists 
of a light aluminium disc mounted 
on a vertical spindle provided with a 
worm, through which the revolutions 
of the disc are transferred to an 
integrating train. Rotation is pro- 
duced by a stationary main current 
coil and a pair of stationary potential 
coils. By means of an impedance 
coil and a non-inductive resistance 
in series with the pressure circuit 
of the meter, the angle of phase differ- 
ence between the series and shunt 

IT 

flu-xes can be iidjusted to -^ when the meter is operating on a load of unity 

power factor. The main current coil contains no iron, and is arranged under 
the armature disc with its plane parallel to it, and in close proximity to its 
edge. It is situated near the poles of the shunt field magnet, and at the back 
of the same. The two potential coils are wound on the limbs of a laminated 
iron magnet, having a nearly closed magnetic circuit, with just sufficient space 
between the right-hand limb and the lower yoke for the armature disc to 
rotate freely. Attached to the left-hand limb of the shunt magnet is a 
movable arm with a piece of iron. It is placed above the armature disc, and 
can be moved nearer to or further away from the poles of the shunt magnet 
to compensate for the friction of the meter at light loads. According to its 
position it produces a more or less powerful rotation of the armature disc by 
its attraction of the eddy currents induced in the disc by the shunt magnet. 
The armature rotates between the poles of a permanent magnet, and thus 
also acts as a Foucault brake. The permanent magnet can also be adjusted 
relatively to the disc to alter the speed of the meter, if necessary. For 




Fig. 121. 
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purely non-inductive loads, as incandescent lamps, the constniction of the 
meter is simplified, in which case the inductance coil is not used. 

The Siemens-Schuckert Werke also manufacture an induction motor meter, 
type W, on the Ferraris principle, with a symmetrical arrangement of the 
magnetic and electrical system. The meter is represented diagrammatically in 
Fig. 122. The stator a is built up 
of thin iron sheets and has four 
inwardly projecting poles, of which 
ee are wound with the two pressure 
coils, while the poles// are energised 
by the two main current coils. A 
light pivoted aluminium drum h 
forms the armature or rotor of the 
motor. It surrounds the fixed iron 
core c, and revolves in the air-gap 
between the pole-pieces and the 
iron core mider the action of the 
rotary magnetic field which is pro- 
duced by the shunt and series fluxes. 
The brake system is situated above 
the motor, and is composed of two 
sets of magnets and an aluminium 
brake disc, ribbed to increase its 
rigidity. The phase displacement 
of 90 degrees, when the current 
and E.M.F. are in phase, is obtained 
by a special arrangement of the 
pressure coils of the meter and 
three non-inductive resistances, so 
as to form a Wheatstone's bridge, 
together with a resistance coil in 
series w^ith the bridge. 

The method will be understood by reference to the vector diagram in 
Fig. 123, and to the diagram of connections of the electrical circuits of the 
meter given in Fig. 124. In the latter, M^ and Mj are the main current 
coils, and A B and C D are the two pressure windings of the meter. A D, 
D B, and B C represent the non-inductive resistances, fonning with the shmit 




Fig. 122. 




Fig. 123. 



coils A B and C D the Wheatstone's bridge, which is connected in series with 
the inductance coil I, and E and F are the pressure terminals. The shunt 
flux is created by the coils A B and C D ; and its intensity can be varied by 
altering the resistances of the two branches A I) and B C, which are equal to 
one another. The greater these resistances, the more intense will be the 
shunt fields, and the sensitiveness of the meter will be correspondingly 
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increased. The phase adjustment is made by varying the diagonal resistance 
B D. Increasing the resistance of this branch circuit will produce a 
diminution in the phase angle below 90*, and by increasing its resistance the 
phase displacement will be varied above this amount. 




Fig. 124. 

If c, and c*2 denote the currents in the pressure coils A B and C D, and the 
currents in the branches A D, D B, and B C be severally Cg and c^ and c^ , and, 
lastly, assuming c to be the total pressure current flowing through the 

impedance coil I, then 

. (i)- 
also c = Ci-\-c^ and c = t*^ + Cg . 




^ = ^4 + ^*5 
Co = ^'o + C. 



(iii). 



It thus follows that 

C=<^» + ^4 + <^5 • 

It is arranged that 

C3 = C4 and, therefore, Cj = c^ 

so that c = 2C4 + C5 . 

In the vector diagram. Fig. 123, AB 
represents the voltage across one pres- 
sure coil, BC the voltage across one 
lateral resistance of the bridge, and 
BD is the voltage across the ends of 
the diagonal resistance. The voltage 
across the inductance coil is given 
by C F, and A F denotes the pressure 
across the pressure circuit EF of the 
meter. The currents r^=BE and c^ = B(i together combine to the cur- 
rent (!i = BH, which is displaced by an angle </> relatively to its pressure 
AB. The tot^il current of the bridge, c = BK, is obtained from c^ = BE 
and 2^4 =BL. As now the current ^'i = BH is to be at right angles to the 
terminal pressure, the direction AF is given perpendicular to BH. To 
complete tlie diagram, the pressure between the terminals of the impedance coil 
I must be included, and is represented by the length C F. As will be seen 
from the diagram, the pressure C F is displaced relatively to the totiil shunt 
current (• = BK by an angle ^/f<90^ so that the desired result can be 
accurately obtained. In the meter (Fig. 125) the non-inductive resistances and 
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the impedance coil are combined together and mounted in the instrument 
above the terminals. 

The friction of the revolving element is to a great extent eliminated by 
means of a special contrivance, termed a vibrator. The jewel footstep-bearing 
is supported on a spring, attached to which is a small iron armature, which is 
kept in a vibratory condition by the alternate attractions and repulsions exerted 
on it by the poles of an alternating current magnet placed beneath it. This 
trembling action of the whole moving system overcomes the static frictional 
resistance to motion, and facilitates the starting of the meter, which will com- 
mence registering with a load of one-quarter of 1 per cent, of its maximum 
capacity, and which does not run on the shunt with a 20 per cent, increase in 
the voltage above the normal. 

An auxiliary starting torque may be obtained by displacing the stationary 
iron core of the motor with respect to the poles for the adjustment for friction 
on light loads. The core is notched at the opposite ends of a diameter, and, 
in the symmetrical position in which these notches are exactly opposite the 
shunt pole-pieces, no effect is produced. When the core is turned out of this 
position, so that the notches are in an unsymmetrical position as regards the 
shunt poles, they will exert on the aluminium drum a turning moment which 
will supplement or oppose the driving torque according to the direction in 
which the core is turned. 

The above types are, however, being superseded by a very simple induction 
meter, which has recently been introduced by the Siemens-Schuckert Werke. 
This new meter, type W*^, is suitable for both non-inductive and inductive 
circuits, and no chokmg coil is used. Its construction and operation will be 
followed from Figs. 126 and 127, of which the former represents a front eleva- 
tion of the meter, and the latter is a diagram of the connections of its 
circuits. 

The driving torque exerted on the aluminium disc S is due to the fields 
produced by the two main current coils Hj and Hj and the pressure coil N, 
all of which are mounted on the three-limbed electro-magnet E. 

The magnetic circuit of the shunt magnet is closed through the bop yoke 
and the case of the meter. The shunt cgil N is wound in two sections, as is 
very clearly shown hi the illustrations. The upper, smaller, section (Fig. 127) 
consists of two portions, of which the one is oppositely wound to the remaining 
windings of the coil and is connected to a non-inductive resistance V, forming 
a parallel circuit to the other half of this section. By suitably adjusting the 
non-inductive resistance V, exact quadrature between the resultant shunt flux 
and the main current field, when the load is non-inductive, is obtained, and the 
meter reads correctly whether the current be in or out of phase with the 
pressure. 

The flux produced by the pressure current in the uppermost windings hi 
series with V (Fig. 127) is exactly 180' out of phase with this current, as this 
part of the shunt coil is oppositely wound to the remainder. The total shunt 
current flows through the lower section of the shunt coil, and, at its junction 
with the upper section, gives rise to two components, of which the one 
circulates round the lower winding of this section and the other round the 
winding in series with the non-inductive resistance. With the above con- 
siderations no difficulty will be experienced in drawing the vector diagram of 
the meter. 

The retarding torque is produced by the rotation of the same disc S 
between the poles of the permanent magnet B. The revolutions of the meter 
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spindle A are conveyed through the worm and the worm wheel P to the jump 
cyclometer coimter Z, which is described in Chapter XIII. The friction com- 
pensation consists of a small piece of iron adjustably fixed to a bracket above 
the armature disc and close to the pole of the shunt magnet. 

By altering the position of this iron shading piece relatively to the shunt 
pole the speed of the meter at light loads can be accelerated or retarded. The 
arrangement of the terminals is shown in Fig. 126, from which it will be seen 
that the pressure circuit of the meter is easily isolated for testing purposes 




without having to remove the main meter cover. To prevent damage during 
transit the jewel-bearing F can be lowered, and at the same time a spring 
collar is raised and takes the weight of the revolving element. The Wg meter 
is also supplied with a trembling method of support of the revolving element 
similar to that used in the W type. It is illustrated diagranimatically in 
Fig. 128. The spindle A revolves on the jewel-bearing F, mounted on the 
spring D, which is fixed at one end at X. * This sprhig carries the keeper J 
of the small alternating current electro-magnet U, which is energised by the 
pressure current. By means of the alternate attractions and repulsions 
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exerted on the keeper J, the spindle A is kept in a vibratory condition, 
greatly reducing friction, especially static friction, at the moment when 
the meter starts from a state of rest to one of motion. 

The Deutsch-Eussische Induction Meter, made by the Deutsch-Russische 
Electricitatszahler-Gesellschaft, Germany, differs in many essential details 
from the majority of the known types of alternating current meters designed 
on the principle of Ferraris and Thomson. 

In these cases the driving torque is produced by magnetic fields arranged 
symmetrically or asymmetrically to the axis, and is exerted upon a light 
revolvable disc or drum of copper or aluminium, which, in the generality of 
cases, also acts as a brake at the same time, in connection with one or more 
permanent magnets. In the Deutsch-Russische meter the rotating body 
driven by the shunt and series systems consists of a light iron ring which is 
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Fig. 128. 



built up of a series of thin annular discs and has wound upon it a short- 
circuited copper coil. The ring is situated below the poles of the shunt 
magnet, as in this position, when under load, the whole revolving system 
partially floats, whereby bearing friction is materiiilly diminished. 

The shunt magnet and ring arc placed symmetrically between the two 
series coils, as will be readily seen from the view of the instrument with the 
cover removed given in Fig. 129. Only a small amount of iron is used in the 
shunt field, and none at all in the main current coils, so as to exclude the 
choking effect of the iron from the same. An aluminium disc carried on the 
lower extremity of the meter spindle rotates between the poles of one or more 
permanent magnets and constitutes the Foucault brake. With this arrange- 
ment the permanent magnets are placed well beyond the disturbing influence 
of the varying fields produced by the shunt and main currents. The con- 
struction of the meter is shown more in detail in the plan and side 
elevation in Figs. 130 and 131 respectively. Hj and H,, are the two main 

10 
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current coils ; they are rigidly fixed to the meter base and contain no iron. 
In between them is situated the laminated shunt magnet J, the vertical 
limbs of which support the two shunt coils Nj and Ng. Below the poles of 
the horseshoe magnet is the iron armature ring R, carried on the vertical 
spindle C, on the lower part of which is mounted the aluminium brake disc A 
rotating between the poles of the permanent magnet M. The revolutions of 
the meter are transferred by means of the worm S to the counter Z having 
jumping figures. The lines of force of the shunt magnet, the current in the 
coils of which lags behind the voltage of supply, traverse in semicircular 
paths the iron ring of the rotating armature from one pole to the other, and 
this flux takes place in the magnetic field of the main current coils, which 




Fig. 129. 



field is slightly distorted by the iron ring, as in a gmmme ring annature, but 
otherwise extends in straight lines from coil to coil. 

The two magnetic fields are in one plane and cross one another, but do 
not cut the revolving element at right angles to the plane of rotation, 
as on the Ferraris and Thomson principle. 

The 90 degrees displacement between the shunt and series fluxes, when the 
load is non-inductive, is obt^iined by the employment in the pressure circuit 
of the reactance coil D D in conjunction with a non-inductive resistance 
VW. 

The two main current coils are connected in series to the main current 
terminals of the meter, as clearly sliown in the illiLstration. The pressure 
circuit of the meter consists of two parallel branches. The two shunt coils 
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are in series with one of the two windings of the choking coil, and this 
circuit is placed hi parallel with the second circuit comprising the remaining 
w^inding of the choking coil in series with the non-inductive resistance. The 
shunt current in the meter divides into two portions, of which the one 
traverses the shunt coils and one reactance coil, and the other flows through 
the second reactance coil in series with the non-inductive resistance. By 
suitably adjusting these two branches the desired phase relationship will be 
obtained. 




Fio. 130. 
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The speed of the meter at full load is regulated in the usual manner by 
adjusting the brake field. 

The friction compensating device consists of a small iron stirrup E placed 
below and on one side of the armature ring H. It is pivoted to one of the 
pole-pieces of the shunt magnet J by means of paramagnetic material. The 
method of adjustment on light loads is exceedingly simple and can be per- 
formed with the meter in position without unsealing the meter cover. This 
starting control is separately illustrated in Figs. l."32, 133, and 134. On the 
meter cover K (Fig. 134) is a small pivoted lever Y, which can be independ- 
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ently sealed. By displacing the lever, access is obtained to the screw X, which 
carries a pinion gearing with a toothed sector T. When the screw is turned, 




Fig. 133. 

E is moved to the right or to the left through the sector T, and with the ring R 

exerts a supplemental torque on the one side 
of it. This auxiliary turning moment either 
assists or is in opposition to the driving torque 
exerted on the ring, and so either augments or 
decreases the starting of the meter. 

For purely non-inductive loads, such as 
incandescent lamps, the meter is simplified, in 
which case the choking coil is dispensed with. 

The Mix <& Grenest Induction Meter. — 
Messrs Mix <fe Genest, Berlin, in their meter, 
type A.W., for inductive and non-inductive 
loads, also obtain the 90 degrees phase displace- 
ment between the two fluxes driving the meter 
disc, when the power factor of the circuit is unity, by means of a non-inductive 
resistance and a reactance coil in the pressure circuit. The meter is illustrated 
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in Fig. 1 35. The stator consists of two main current coils, containing iron, and 
a shunt magnet, energised by one pressure coil, and having an almost closed 
magnetic circuit but for the narrow air-gap in which the aluminium disc rotates. 
The plane of the shunt magnet is perpendicular to that of the main current 
magnet. 

An impedance coil is used hi the pressure circuit, and is connected in series 
with the adjustable non-inductive resistance and the shunt coil. 

The disc rotates between the poles of two adjustable permanent magnets, 
and the revolutions of the spindle are conveyed to an integrating train in the 
usual manner. The pressure circuit of the meter is specially well sub- 
divided, and by the use of two shunt terminals it can be easily isolated from 
the main circuit without disturbing the main cover. A high driving torque 
per imit weight of the armature is obtained in this meter, amoimting to very 
nearly 2 '86 mm. -gnus, per gm. of the revolving element, as will be seen from 
the figures given in Table III. on page 14. 

The Hookham Alternating Current 
Meter, for non-inductive loads only, is 
illustrated in Fig. 136. 

A is the aluminium disc, which is 
rotated by the fields produced by one 
pressure and two main current coils. It 
is carried on the vertical spindle B, which 
rests in a lower jewel-bearing C. The 
pressure coil E is wound on an iron 
magnet D, and the main current coils 
consist of two flat spiral coils F joined 
together in series, and placed between 
the poles of the shunt magnet and below 
the armature disc A. 

In the front view given of the instru- 
ment only one main current coil can 
be seen, as the other is situated behind 
it. The work done by the meter is 
absorbed in the eddies induced in the 

revolving disc A by the permanent magnet on the right. The dials register 
direct in units and are driven in the usual manner from the meter spindle. 
The upper poles GG of the magnet D are adjustable, and may be either raised 
or lowered to effect the friction compensation of the meter at light loads. 

The Westinghouse Ind action Watt-hour Meter is the representative type 
of those alternating current meters for inductive loads in which the phase 
compensation is secured by the employment of a closed secondary winding on 
the shunt electro-magnet. The pressure circuit of the meter is made highly 
inductive, so that the shunt current and the shunt flux, to which it gives rise, 
lag behind the impressed E.M.F. by a considerable angle, which, however, is 
always less than a right angle. This angle is artificially increased to 90 
degrees by means of the secondary winding, in which is induced a secondary 
current producing a flux lagging behind the shunt current by an angle greater 
than 90 degrees. These two fluxes combine to a resultant shunt flux, and by 
properly adjusting the conductivity of the secondary circuit this resultant 
flux will be displaced by a right angle from the impressed E.M.F. or the main 
current flux when the load is non-inductive. The meter then registers 
correctly at all power factors. 
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Fig. 137 is a vector diagram showing the relationship between the different 
magnetic fields of the meter. 

O E represents in magnitude and direction the impressed E.M.F., and S 
is the shunt current producing the shunt flux O F^, practically in phase with 
S, and lagging behind E by an angle equal to 
80* or 85*. OC is the current in the secondary 
circuit, and O Fg is the flux to which it gives rise, 
and which lags behind OF by an angle greater 
than a right angle. OF is the resultant of OF, 
and Fg at right angles to E. B is the main 
current, assumed leading in advance of the E.M.F. 
OE by an angle ^, and OA is the main current 
flux, very nearly in phase with OB. The torque 
exerted on the revolving armature disc by these 
two fields is proportional to their product multi- 
plied by the sine of the angle of phase difference 
between them. This angle, with the above con- 
ditions of exact quadrature fulfilled, is 90" + 0, and 
its sine is equal to cos 0, the power factor of the 

circuit. The shunt flux is proportional to E, the impressed E.M.F., and the 
main current flux is proportional to the main current C. The result is, that 
the torque is proportional to E.G. cos <^, the true power in the circuit, and the 
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revolutions of the meter disc executed in a given time will be directly pro- 
portional to the true energy delivered in that time. 

Fig. 138 is a view of the Westinghouse meter, * Round* type, with the 
cover open. The revolving element consists of a light aluminium disc 
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mounted on a short vertical spindle, the upper end of which drives the 
integrating tmin in the usual manner, while the lower end runs in a jewel 
step-bearing. The meter dials register direct in Board of Trade units without 
the use of a multiplier or constant. The rotation of the disc is produced by 
means of a shunt and series system illustrated diagrammatically in Fig. 139. 
The shunt and series coils are wound on an electro-magnet having a double 
magnetic circuit ivith a horizontal air-gap H, in which rotates the armature 
disc A, and with the two upper poles separated by a small vertical gap V. 
The shunt or pressure winding consists of two coils S S, one on each limb of 
the electro-magnet, and it is connected in series with an impedance coil I of 
fine wire, wound on an iron core fixed in the meter base. When the pressure 
circuit is energised by an alternating current, two equal and adjacent 
(alternating) poles of opposite polarity are produced, the effect of the one 
neutralising the effect of the other as regards any action on the disc. The iron 
core is magnetised as a simple ripg by the alternating magnetic flux, wliich 




Fig. 139. 



for the most part bridges the small vertical gap V, and only a very slight 
leakage takes place across the gap H. 

The series or main current coil M consists of a few turns of thick insulated 
wire wound on the lower pole, and is connected direct in one of the supply 
mains. When current flows in this coil it tends to pioduce adjacent poles of 
the same polarity. The result is, that with both the pressure and main 
current coils energised the resultant flux in one magnetic circuit of the 
electro-magnet is the geometrical sum, while in the other it is the geometrical 
difference of the two fluxes due to the pressure and current windings. 

In this manner a shifting magnetic field of varying intensity is obtained 
in the horizontal air-gap H, producing rotation. of the disc. The retarding 
torque proportional to the speed is obtained by means of a permanent magnet, 
between the poles of which the disc moves. 

C in the diagram (Fig. 139) is a small closed secondary circuit for the 
purpose of adjusting for running friction. In the actual meter, * Round' 
t3^e, this consists of a single turn of copper wire on one limb of the electro- 
magnet (the right limb seen from the front), and is short-circuited through a 
piece of resistance wire. The effect of this circuit is to slightly unbalance 



SINGLE-PHASE INDUCTION METERS. 



153 



the magnetic fields in the two limhs of the electro-Diagnet, producing a 
tendency on the part of the disc to rotate. The length of the resistance wire 
is then adjusted until this tendency is just sufficient to overcome the friction. 
The secondary winding, by which the phase compensation is obtained, 
consists of an equal number of turns Cj and Cg (Fig. 139), wound on each limb 
of the electro-magnet, connected in series, and short-circuited through a 
resistance wire in the same manner as in the case of the friction adjustment. 
The resistance is then regulated until the desired phase relationship between 
the shunt and series phases is obtained. 

Fig. 140 represents an interior view, with the integrating dial removed, 

of the latest instrument, known as the *Sub-A' meter, in which the phase 

and friction compensations are on the same principle as those just described, 

but are somewhat differently carried out. The British Westinghouse Company, 

Trafford Park, Manchester, use four terminals in the English meter instead of 

^^ three, as shown in Fig. 140, which is the 

^^fc type manufactured by the Westinghouse 

^g^^b^^^^ Co., Pittsburg, U.S.A. Two of these ter- 

'^^■m^^^^^^ minals are for the pressure circuit and the 

^R "^^9^H~^^ other two for the main current winding. 




Fig. 140. 



Fig. .141. 



and one shunt and one current terminal are connected together by means of a 
link, which can be removed to isolate the pressiu-e circuit for testing the meter. 

Fig. 141 is an illustration of the shunt and series electro-magnetic system 
of the *Sub-A' type, showhig the phase and friction compensations. It 
applies equally to the two- and three-wire meters, the difference in the latter 
case being in connection with the terminal chamber, the external form of the 
meter, and that the series coil is wound in two sections, insulated from one 
another, each section being placed in one of the outers of the system. 

The outer ends of the secondary windings, which consist of an equal 
number of turns on each limb of the electro-magnet, are brought to the 
extremities of a piece of resistance wire, the inner ends of the windings, or 
those in close proximity to each other, being joined together and brought to a 
sliding connector A (Figs. 140 and 141), which is set about the middle of the 
resistance wire. If the connector be moved from the middle of the wire, the 
resistance of one half of the secondary winding is increased, the other being 
decreased, thus upsetting the balance of the magnetic circuits. By this 
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means the friction adjustment is obtained. To adjust the series and shunt 
fluxes to exact quadrature when the current and E.M.F. are in phase with 
one another, a resistance is inserted in the secondary windings, so as to be 
common to both halves of the circuit, and the resistance is altered until the 
desired phase relationship is obtained. 

The speed control is made by moving the position of the permanent 

magnet relatively to the rotating aluminium disc D (Fig. 140). If the magnet 

be moved out from the disc, the speed will be increased at any given load, 

and mr£ vei'sa. The frequency adjustment is shown at B (Figs. 140 and 141). 

Meters which are sent out calibrated for circuits having a periodicity of 

133 J cycles per second 
are arranged so that they 
may be changed to 60 
cycles per second by 
soldering together the two 
wires shown at B and 
changing the connection 
at the rubber terminal 
block below the electro- 
magnet to the point 
marked 7 200. The meter 
should then be checked 
and adjusted for speed. 

In Fig. 142 is given a 
diagram of connections of 
the three- wire meter. 

All the Westinghouse 
meters are so designed 
that, whatever the capa- 
city, the disc rotates at 
the rate of 50 revolutions 
per minute on full load, 
and in consequence a 
meter can be readily 
checked with a consider- 
able degree of accuracy 
by observing the rate of 
revolution of the disc 
through the window in 
the aluminium-zinc cover. 
The Aron Induction 
Motor Meter, Fig. 143, belongs to the class of alternating current meters 
in which the phase compensation is produced by the use of short-circuited 
copper pieces surroimding the shunt magnet poles, their number depending 
on the voltage and periodicity of the circuit. 

The driving torque is produced by a rectangular laminated shunt magnet, 
energised by two shunt coils carried on its vertical limbs, and a series coil 
woimd on an iron core, which is normally situated midway between the two 
poles and above the aluminium armature disc. The magnetic circuit beneath 
the disc is closed through a soft iron plate, which can be displaced relatively 
to the poles. The main current coil with its core can also be moved nearer 
to either one or other of the two poles of the magnet as desired. These two 




Fkj. 142. 



SINGLE-PHASE INDUCTION METERS. 



155 



alterations in position of the lower yoke and the series coil can be used to 
eflfect the low load or friction compensation, the final adjustment of which is 
usually made with the lower yoke. 

The retarding torque is obtained from the 
action on the same disc of the permanent magnet, 
situated on the right of the shunt and series 
system. The keeper of the permanent magnet is 
mounted on a horizontal support below the disc, 
and can be raised or lowered so as to decrease or 
increase the air-gap in which the disc rotates. In 
this manner the speed of the meter is adjusted 
at the high loads without altering the position of 
the brake magnet. The revolutions of the meter 
spindle are transferred in the usual manner to the 
integrating counter, which has springing figures. 
The counter also has two small dials in hundredths 
and thousandths of a unit for testing purposes, but 
which are not visible when the case is on. In 
future patterns it is intended to supply a small 
window through which these dials can be observed 
without removing the cover, the window being 
provided with a small sliding cover of its own, 
arranged so that it can be sealed. Fig. 143. 

The * Bat ' Electricity Meter furnishes another 
example of an induction meter suitable for both inductive and non-inductive 
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loads, in which the lag compensation is obtained by means of short-circuited 
rings of copper on the poles of the magnet. A general view of the instru- 
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merit is shown in Fig. 144. The revolving element consists of the usual disc 
moiuited on a vertical axle having a worm to actuate the integrating train of 
dials. Tlie disc is of hard drawn copper and is of somewhat unusual thick- 
ness, the object being to obtain not only a high conductivity for electrical 

purposes, but to prevent 
bending by shocks in tran- 
sit, and to resist the twist- 
ing action exerted on the 
disc by a short-circuit cur- 
rent. In connection with 
a permanent magnet it also 
constitutes the customary 
magnetic brake. The driv- 
ing torque is derived from 
the fields produced by six 
coils, of which four com- 
prise the main current coils 
and the remaining two are 
the pressure coils. The 
driving system used in this 
meter is separately illus- 
trated in Fig. 145. The 
pressure coils are w^ound 
on the two vertical limbs 
of a horseshoe magnet, 
composed of soft iron 
stampings, the pole-pieces 
of which are short-circuited 
by a laminated iron bridge. 
These poles are ex- 
tended beyond the bridge, 
and each is divided into 
two halves, forming four 
poles in all, upon which 
are wound the four main 
current coils in series, as 
depicted in the illustration. 
The pole-pieces also carry 
the short-circuited copper 
rings already referred to. 
With the arrangement 
adopted the shunt coils 
have a large self-induction, 
and by suitably adjusting 
the short-circuited copper 
rings the main current and 
pressure current fluxes will 
be displaced in phase by 90 degrees when the meter is registering on a load 
of unity power factor. 

A characteristic feature of the meter is the simple and efficient method 
provided for adjusting the speed at top load down to one- third of full load. 
The position of the brake magnet is invariable, and the intensity of the brake 
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field is altered by increasing or decreasing the leakage of the permanent 
magnet. 

The amount of the leakage that takes place is controlled by an iron screw 
V, Fig. 146, mounted on the base of the meter. This screw is raised or 
lowered, decreasing or increasing the air-gap separating it from the lower pole 
of the magnet. Screwing up V will cause the meter to run faster, as more 
lines of force will, in this manner, be shunted from the brake field in which 
the disc revolves. 

When the adjustment has been finally accomplished, any further motion 
of V is prevented by tightening the clamping screw S. For lower loads, 
under one-third full load, the friction compensation is effected by altering the 
position of the iron plate E through the knob Ej. The iron plate acts upon 
the Foucault currents in the disc, and if moved forward will cause the meter 
to go faster. 

The brake magnet is shielded from the disturbing influence of excess 
currents by the casting which supports 
the electrical elements of the meter. 
This casting is also furnished with 
a tapped hole to receive the screw 
which secures the meter cover to the 
base. 

The BrushGrutmann Single-phase 
Induction Watt-hour Meter, manu- 
factured by the Sangamo Electric Com- 
pany, Spingfield, Illinois, U.S.A. (the 
Brush Electrical Engineering Com- 
pany, London), embodies many novel 
features in its electrical and mechani- 
cal design. A side view of the meter 
with the cover removed is given in Fig. 
147. It consists of a laminated shunt 
magnet and a small pair of series coils, 
the magnetic fluxes of which operate 
upon a light aluminiiun disc, slotted in 
peculiar spiral curves. The speed of 
the disc is controlled by a permanent 
magnet in the usual manner, and is 
transferred to an integrating train through a worm, constructed of a special 
non-rusting alloy, on the upper extremity of the steel spindle. The revolving 
element is illustrated in Fig. 148, w^hich very clearly shows the driving worm 
and these spiral slots of the armature, by means of which an increased torque 
is claimed to })e obtained. 

The shunt and series motor system is also given in detail in Fig. 149. The 
laminated steel magnet E is energised by the shunt coil V, and is cgmposed of 
two parts, the main mtignet body and the bridge J. This bridge, or lower yoke, 
completes the magnetic circuit of the main magnet through the front air-gap, 
in which the armature disc rotates, and a second narrow gap at tlic back, so 
that it does not make tit^tual magnetic contact with any part of tlie main 
magnet. Altliougli the two air-gaps add sliglitly to tlie resistance of the 
main magnet, a large magnetic flux is obtained with a high self-induction of the 
shunt coil. The bridge performs an important function as regards the phase 
compensation for inductive loads. Almost surrounding the bridge, except for 
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a narrow gap on the lower side, is the phase band, shown at A. This consists 
of a heavy copper strip, to which is soldered, on each side of the gap, a pair 
of brass connecting blocks. Each block is drilled through to receive a No. 1 1 
or No. 12 wire, which spans the gap, and is firmly held in position by two 
small set screws in the blocks. 
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For high frequency meters a No. 1 3 copper wire is employed, while for 
60 cycles per sec. a No. 1 1 wire is necessary, as a much lower resistance is then 
required on account of the lower frequency. In a 50 cycle meter the loop 

usually consists of a No. 10 wire, 
and of a No. 9 wire in a 40 cycle 
meter. 

When the circuit around the yoke, 
composed of the phase band A and a 
loop of wire L, is thus complete, the 
secondary current induced in it, pro- 
vided it is of the correct resistance, 
reacts upon the shunt field just 
enough to cause it to be in quadrature 
with the main current flux when the 
E.M.F. and the current are in phase, 
and the meter speed will be propor- 
tional to the true power imder all 
conditions of load. The loop of wire 
to bridge the gap is long enough to 
afford a wide range of adjustment 
in setting the meter for inductive 
loads. The necessary alteration is 
easily nuule by sliding the phase loop 
in or out of tlie blocks, and, further, 
by using loo])s of different size. 
If the inotur be f(nuid to run faster on an inductive load than on a non- 
inductive one absorbing tlie Siinie power, the loop must be moved further out, 
that is, its length nuist be increased, or a smaller wire must be used. The 
phase band is clamped in position on the bridge by the small brass screw B, 
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and its position has a decided effect upon the speed of the meter on light 
loads, and particularly at low frequencies. When the band is near the front 
end of the bridge the meter will tend to run slow, and with the band further 
back it will run faster on light loads, so that it is of importance to firmly 
tighten down the holding screw after the adjustment has been made. This 
effect of the phase compensation may sometimes be useful in aiding the 
friction device, to be explained later on. As a general rule, the phase band is 
best clamped at the back end of the bridge after the phase loop has been set. 

Two series coils are used in this meter, and are held in small aluminium 
clamps firmly screwed to the main bracket D D, which supports the shunt 
and series system. As they have only a few turns, no inductive drop is 
caused in the main circuit with a heavy load. 

In Fig. 150, which is another side view of the meter, is shown the method 
of supporting the permanent magnet G. It is held in an aluminium clamp C, 
which is fastened by two screws to the 
bracket at M. The near screw acts 
as a pivot and is fixed, while the front 
one moves in a long slot, so that the 
magnet jaws can be swung in or out 
relatively to the disc. The greatest 
damping effect is obtained when the 
outer edge of the magnet is just above 
the edge of the disc. 

The light load adjustment is made 
by means of a special friction device, 
consisting of a long strip of japanned 
steel. It is secured to the inner side of 
the laminated magnet at the top, and 
terminates in a foot at its lower end, as 
shown at F in Fig. 149, so as to present 
a larger surface for the leakage of the 
lines through the disc and Imck through 
the 'bridge beneath. Near its upper 
end the compensation piece has a small 
slot through which passes the screw 
T (Fig. 149), by means of which and 
the rectangular brass nut N (Fig. 150) 
it is tightly clamped against the magnet. The strip is raised or lowered 
by means of the adjusting screw R (Fig. 150), which works vertically against 
the fixed nut N, and passes through the small nut P to which the strip 
is soldered. The friction compensation is effected by raising or lowering the 
strip, or by rotating the foot round T as axis, and rotating it forward will 
retard the speed of the disc. The most sensitive method is to lower the strip 
until its foot is near the disc, when a slight lateral movement will produce a 
marked effect on the speed at light loads. 

In this company's small capacity three-wire meter, which consists practically 
of two meters in one, the lower series coil is connected in one side of the 
system and the upper coil in the other side, with the full difference of 
potential between them. The shunt has hi this case, as in their 220 
voltmeters, a reactance in scries with it, and is connected across the 
outers. 

In their three-wire meter for circuits taking above 50 amperes per side 
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a three- wire series transformer is used, and the shunt is connected between 
one outer and the middle wire. 

The Ferranti-Hamilton Induction Meter. — A special feature of 
the Ferranti-Hamilton induction meter, illustrated in Fig. 151, is its com- 
bination of a sound mechanical construction with a simple electrical design. 
The parts of the meter are carried on a vertical gun-metal frame screwed 
to the cast-iron case, from which they can be easily lifted. The terminal 
box is also well arranged and is placed on the top of the meter. It is 
provided with two main current and two shunt terminals, one of the 
latter of which is connected through a small copper hook to a main 
,, current terminal, and can be 

readily disconnected from it 
without opening the mam cover. 
This is an important considera- 
tion in testing a number of 
meters in series, in which case 
the shunts must be isolated from 
the main current terminals to 
which they are connected, and 
are all placed in parallel across 
the testing circuit, the main 
current coils of the various 
meters being joined together in 
series. 

The working of the meter 
will be imderstood by reference 
to the sectional drawings given 
in Fig. 152. 

The revolving element con- 
sists of a light aluminium disc 
D mounted on a vertical spindle 
S, which rests on a jewel, set in 
a removable jew^el-screw J. 

It rotates in the air-gap 
separating the shunt and series 
magnets, and between the poles 
of the two permanent magnets 
PM, which are situated at the 
back of the meter and produce 
the retarding torque. The 
spindle is geared to the wheel trahi CT actuating the index hands, which 
reiid direct in B.O.T. units. Below the armature disc is the shunt tubular 
magnet T M, having an internal core C, upon which is wound the shunt 
coil Sh.C. The shell of the tubular magnet has four inwardly projecting 
radial poles Pj , which alternate with the outward radial poles Po of the 
magnet core. These two parts of the magnet are separately shown in 
Fig. 153. 

No choking coil and resistiinces are necessary, as tlie type of magnet used 
provides a higlily inductive shunt circuit. 

Iron w£ishoi*s W, surroundhig the shunt magnet, are used to adjust the 
meter on different frecjuencies, and the lower the frequency the more washers 
are required. They also constitute the lag compensation for producing the 
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desired phase displacement between the series and shunt fluxes when the 
E.M.F. and current are in phase. 




Fig. 152. 



The series coils SeC arc wound in the slots of a slotted armature S A, which 
is adjustably mounted above 
the disc and is fixed by a 
strong clamp CL and the 
screws S^ , Sg > ^^^^ ^s • 

The wave form of winding 
of the series coil is illustrated 
in Fig. 154, and is similar to 
that adopted in the Ferranti 
alternator of 1 884. The shunt 
and series magnets are slightly 
unsymmetrically placed in re- 
lation to one another, the slots 
of the series armature not 
being exactly above the poles 
of the tubular magnet. The 
object is to obtain a slight torque on the shunt alone, so as to compensate for 
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the friction of the index train and bearintrs, and for any want of synnnetry in 
the magnetic circuits. 

The friction conipcnsiition on light loads is ciisily effected hy turning the 
series armature al)out the axis of rotation of the disc by means of the two 
screws Sj and S.^. If the series magnet be displaced clockwise the disc will 
tend to revolve in the oppasite direction, and turning the series magnet 
counter-clockwise will tend to produce a clockwise rotation of the disc. With 

the maximum possible displacement of the 
series armature the torque obtained is small 
when the shunt only is energised, so that the 
tendency to creep is remote. The speed at 
full load is also readily adjusted by decreasing 
or increasing the distance of the series armature 
above the disc by means of the nut N (Fig. 
152). This action strengthens or weakens the 
fields, and when the adjustment has been accom- 
plished the series magnet is firmly clamped by 
CL and the screw S3 . To facilitate checking, a 
standard speed of 40 revolutions per minute at 
full load is adopted, irrespective of the capacity 
of the meter. 

The Fort Wayne Single-phase Induction Meters. — In Fig. 155 are shown 
front and side views of the induction meter, type K, manufactured by the 
Fort Wayne Electric Works, Fort Wayne, Indiana, U.S.A. The revolving 
element consists of a light steel shaft, which carries, by means of ribbed arms, 
an aluminium armature cylinder. It rotates between the poles of the 
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permanent magnet, held in pasition on tlie front of the lower bracket by a 
brass clamp. The magnet is jidjustable vertically for varying the drag on 
the aluminium armature, and, from its upright position and distance from the 
series coils, is shielded from the disturbing effects of excessive currents. The 
driving torque is exerted on the aluminium cylinder by two series coils and a 
shunt electro-magnet. The series coils contain no iron, and are clamped to 
brass spiders mounted on the back of the base of the meter. They are 
arranged on the outside of the cylinder, and are symmetrically placed as 
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regai-ds the shunt niaj^net. The latter consists of a rectangular laminated 
magnet with a vertical air-gap in which the cylinder rotates, and on its 
nppcr horizontal Hmb it carries the potential coil in series with an impedance 
coil, which is in the base of the instrnment. 

The mtemal connections of the meter are shown in Fig. 156. C and C are 
the two main cun-ent coils, D is the shunt coil on the shunt magnet, and I is 
the impedance coil. The coil G is wound on the light load adjusting arm 
situated within the opening in the shunt coil D, and is shunted through the 
140 cycle lagging resistance H across a few timis of the impedance coil I. 
By properly adjusting the resistance H, the resultant shunt flux will be 
brought into quadrature with the main current flux, when the current and 
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E.M.F. are in phase. This constitutes the lagging compensation when the 
meter is intended for use on a frequency of 140 cycles per second. The 
meter is, however, double lagged, and when operating on a 60-cycle circuit 
the above phase conditions become modified. To again obtain the quarter- 
period displacement between the two fluxes, a coil E (Fig. 156) is wound upon 
the core of the shunt magnet, and is short-circuited through the adjustable 
60-cycle lagging resistance L. The change from a high frequency of 140 
cycles per second to the frequency of 60 or 50 cycles per second is effected 
by soldering together the large copper wires at D (Fig. 155) of this secondary 
winding, and these ends must be unsoldered and separated when changing 
back to a high frequency. In general it will be found necessary to correct 
the speed of the meter, after making this change, by adjusting the position of 
the permanent magnet. 
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The meter is provided with a light-load adjustment, which consists of the 
coil G mounted on the ismall laminated iron core within the shunt coil. The 
iron core is attached to'a pivoted arm, which can be displaced relatively to 
the centre of the shunt coil. In the central position the iron core with the 
coil produces no effect as regards any tendency to drive the disc one way or the 
other, but if displaced it exerts a slight torque, either retarding or assisting 
the driving torque on thi^ cylinder. The position of the starting coil is adjusted 
by means of the screws A and B, and during this adjustment the clamping 
screw C must not be altered. The screw C provides a means for regulating 
the friction of the adjusting bracket arm. It is adjusted in the factory so as 
to produce just sufficient friction to hold the bracket in place. 

This company have also recently introduced a new induction meter, type 
W, illustrated in Fig. 157. In this case the rotating element is a small light 

aluminium disc, moimted on a 
short shaft. The permanent 
magnet in the front is gauge- 
adjusted. It is attached to 
the lower bearing bracket by 
two screws engaging m slotted 
lugs on the magnet clamp, and 
its position relatively to the 
disc is adjusted by a sliding 
gauge, which can be locked. 
After the gauge has been set 
the magnet can be removed, 
and replaced without further 
adjustment. 

Two shunt coils, mounted 
on the upper and lower arms 
of the shunt electro-magnet, 
and two series coils are used to 
drive the disc, the series coils 
being situated opposite the 
shunt coils. 

No choking coil is used in 
the pressure circuit. The 140- 
cycle meter has a double lag- 
ging comiection, so that it can 
be adjusted for a frequency of 140 or 60 cycles per second. The phase 
compensation is similar to that employed in their type K. The light load 
adjustment is made by altering the position of a conducting plate in the 
air-gap, relatively to the revolving disc, by means of a micrometer screw in 
connection with a guide bar, which is locked by a small set screw when the 
adjustment has been completed. 

The Thomson High-torque Induction Meter. — In the Thomson high- 
torque induction meter, manufactured by the General Electric Company, 
Schenectady, N.Y., the phase displacement between the shunt flux and the 
applied pressure is also made by the employment of a closed secondary wind- 
ing on the inner pole of the shunt magnet. The arrangement of the electrical 
system, producing the driving torque on the aluminium disc, is shown dia- 
grammatically in Fig. 158. The shunt coil is wound on the central limb 
of the shimt magnet, and the two series coils are carried on the two 
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poles of the lower series electro-magnet, the armature disc revolving in the 
horizontal air-gap between the two magnetic systems. The secondary winding 
is used for the phase adjustment. The work done on the disc is absorbed 
in the adjustably mounted 
permanent magnets in the 
front of the meter (Fig. 
159), and the registration 
is effected on the meter 
dial in the usual manner. 
The light load adjustment 
consists in moving back- 
ward or forward a small 
rectangular conductor over 
the meter disc by means of 
a lever. Any demagnetis- 
ing action on the perma- 
nent magnets is prevented 
by their position, which is 
at right angles to and at 
a large distance from the 
coils ; moreover, the mag- 
netic circuit of the driving 
combination is practically 
closed on itself. 

This meter, in common with most American meters, is provided with a 
double lagging arrangement, so that a high frequency meter for 125 and 133 

cycles per second can be 
adapted for use on a 60- 
cycle circuit. The 60-cycle 
meter is, however, not pro- 
vided with this device. 
An important feature of 
this meter is, that it can 
1x3 used without a current 
transformer for currents 
up to 300 amperes in a 
two-wire and 150 amperes 
in a three-wire system. 

Scheeffer Induction 
Watt-hour Meter. — In 
the meter made by the 
Packard Electric Com- 
pany, Limited, Ontario, 
Caniida (the Bastian Meter 
Co., Ltd., London), the 
quarter - phiisc displace- 
ment ]>ctwccu the shunt 
and series fluxes, on non- 
inductive loads, is obtained 
l)y means of a clioking coil in series with tlio shunt coils, and a secondary 
circuit consisting of a few turns of wire wound on the shunt magnet and 
short-circuited on themselves through a small adjustable resistance. The 
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general appearance of the meter will be seen in the view given in Fig.|160. 
The various elements of the meter, except the series coil, are mounted on a 
frame which is supported in the cast-iron case, and can be easily removed 
from the latter. 

The two shunt coils are carried on the two vertical limbs of the laminated 
shimt magnet, and are in series with the choking coil situated at the top of 
the meter behind the registering dials. . A pivoted laminated iron bridge, 
separated from the poles of the shunt magnet by the horizontal air-gap, with- 
in which the aluminium disc revolves, completes the magnetic circuit of the 
shunt field. Above the disc and between the pole-pieces is the series winding, 
which contains no iron, and the plane of w^hich is perpendicular to that of the 
shunt coils. The disc is mounted on a vertical spindle, which rests on a 
highly polished ball in the jewelled step-bearing. It also rotates between the 
\x)\os of a permanent magnet in the front of the meter, held in a brass clamp 

capable of motion along two rods at 
right angle to the supporting frame. 
The adjustment of the brake magnet 
is very easily performed. The speed 
of the meter is altered by loosening 
the hexagon head screw^ in the clamp 
and adjusting a second screw under 
the same. If this screw be turned 
clockwise, the magnet will move in- 
wards and the speed of the disc will 
be decreased ; if the meter be run- 
ning slow, the magnet is moved out- 
wards by turning the screw counter- 
clockwise. 

The pivoted laminated iron bridge 

lias attached to it a small lever on the 

right, which, if moved down, will cause 

tlie disc to tend to move forward on 

the shunt alone, and raising the lever 

produces a tendency to move back- 

FiG. 160. wards, so as to increase or decrease the 

facility with which the meter starts on 

low loads. When the friction compensation luis been regulated, the position 

of the bridge is secured by means of a clamping screw in the meter 

frame. 

Stanley Induction Meters. — The magnetic suspension watt-hour meter 
for alternating currents, manufactured by the Stanley Instrument Company, 
Great Barrington, Mass., U.S.A., embodies several important features in its 
electrical and meclianical design, in virtue of which the various disturbing 
forces inherent to meters of this cla^ are counterbalanced or removed, and 
the accuracy of the meter will, under normal conditions, remain unaltered. 
Two illustrations of this meter arc given in Figs. 161 and 162, of which the 
former is a perspective side view of the switchboanl instrument, and the latter 
is a front view of the house-service type. 

By means of the magnetic suspension the revolving element floats entirely 
in tlie air, and ]>earing friction, with the consequent jewel and spindle renewals, 
is entirely eliminated, as no rubl)ing contact exists l)etween the rotating part 
and the bearings. 
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The magnetic suspension is illustrated and explained in detail in Chapter 
XIII. 

A double motor system is used to produce the driving torque, and is 
symmetrically arranged, one half above and the other half below the 
armature disc, which is placed midway between the two shunt magnets at a 
point of zero magnetic potential. In this manner the hammering, which 
would otherwise ensue, is prevented. In a meter in which the shunt and 
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series magnets are arranged on one side only of tlie disc, either above or 
below it, the latter is made to chatter and pound the jewel-bearings, due to 
the attractions and repulsions between the magnets and the eddies induced in 
the disc. These attractions and repulsions are due to the eddies being dis- 
placed in phase by more than 90 degrees from the alternating fields producing 
them. Fig. 163 is a diagrammatic sketch of the shunt and series 
system, also of the lag compensation employed in the Stanley meters. Two 
shunt magnets M, and Mg are used, and the armature disc revolves in the 
horizontal air-gap midway between them. Each shunt magnet has two energis- 
ing coils, making four in all, connected together in series across the supply 
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mains. The series winding contains no iron and is made in two halves A and 
B, which are placed the one above and the other below the horizontal air-gap 
between the poles of the shunt magnets. 

Cj and Cg are the magnetic bridges extendhig across and between the 
shunt magnets, by means of which and the self-induction of the shunt coils 
exact quadrature is obtained between the shunt and series fluxes when the 
main current is in phase with the supply voltage. The parts are so 
designed — that is, the air-gaps, conductivity of the magnetic bridges, etc. — that 
an external adjustment is unnecessary, and the meters register accurately on 
inductive loads of any power factor. 

These magnetic bridges are composed of sheet-iron plates built up to the 




Fig. 162. 

necessary thickness. Each presents an auxiliary path for the passage of a 
certain amount of the magnetic lines produced by the shunt system, depending 
upon the air-gaps at each end and the air-gap in which the disc revolves ; in 
other words, it is the ratio of these two air-gaps which determines the amount 
of flux which passes over this magnetic bridge. The eddy currents set up in 
the revolving disc reacting, cause, in their turn, a certain flow also back and 
across the magnetic bridge. The conibine<l interaction is sufticient and of 
such a nature to produce quadrature ]>etween the shunt and series fluxes 
with a loiid of unity power factor, and, consequently, the meter registers 
correctly on inductive loads. The construction, {is indicated in the diagram 
(Fig. 163), is true only for a given thickness of ix)tating disc, i.e. for a disc 
of given conductivity. Any change in this conductivity will change the 
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reaction from the disc on the shunt system and cause some angle of lag other 
than 90 degrees. 

The vector diagram of the meter is given in Fig. 164. E represents the 
applied pressure of the supply circuit and S the resulting shunt current, 
lagging behind the pressure by about 80 degrees, as also the flux OF^ to 
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which it gives rise. OFg is the flux due to the eddies induced in the 
magnetic bridges displaced by more than 90 degrees from S. These two 
fields, when properly adjusted, combine in the horizontal air-gap to a 
resultant flux F at right angles to the impressed voltage E, or to the series 
flux F' produced by a main current M in phase with the supply pressure. 

In the meters made by this company the side 

thrust exerted on the bearings by the unsyra- ftr*-*— ,-, » » > '•^ 

metrical field is completely counterbalanced. In 
an induction meter in which the motor system 
is not placed centrally with reference to the disc, 
but close to one edge, the field produced by the 
eddies induced on the disc is crowded in from the 
side towards the edge. 

The unsymmetrical field tends to displace 
or tilt the disc out of its normal position, pro- 
ducing a side thrust on the bearings. This side 
thrust is nullified by the use of a short-circuited 

winding. In the case of most of their meters it consists of a mere copper 
bind around one-half of the shunt pole, as can be seen at A and B, Fig. 161. 

This copper band produces an unsymmetrical field in the shunt core, or, 
rather, two fields of slightly different tiuie constants are produced, which, 
with the band located on the ]>ack half of the core, tend to throw the disc 
back into its normal position, and by properly adjusting the winding of this 
band the force due to the unsymmetrical field in the disc is counteracted. 
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At V, Fig. 161, will be seen small copper vanes which are swung under- 
neath the shunt pole for the purpose of balancing the meter on the shunt 
only, so as to counteract the effect of creeping. 

The dial and brake magnets are mounted on the front of the supporting 
frame, Figs. 161 and 162, and the brake magnets are protected from the 
motor system by an iron shield marked Y in Fig. 161. 

Two permanent magnets are used with soft iron pole-pieces between their 




Fig. 165. 



poles, and containing a gap in which tlie disc revolves. The braking effect 
is adjusted by raising or lowering the screw luider the lower brake pole, de- 
creasing or increasing the gap as desired. 

The magnets themselves are fixed in position and the brake field is 
unaffected by ordinary external influences, as tlie soft iron pole-pieces are 
always highly magnetised. 

Fig. 165 is a front view, witli the cover removed, of the jewel meter, 
type H, nuide by this company. Tlie main difference between it and the 
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magnetic suspension meter is that the meter shaft is supported in a jewel 
spring-bearing. The same electrical design is used in this type, and the side 
thrust, creeping, and disc vibration are balanced in exactly the same manner.^ 

The meter is designed mainly for small installations, taking up to about 15 
amperes for two- and three-wire circuits. 

The motor part is enclosed in an iron box forming the back portion of the 
meter case, separated from the front by a division plate which also constitutes 
a magnetic shield. 

The air-gap of the brake magnet can only be changed by means of the 
adjusting screws placed on the 
yoke below the disc, and in 
this way the speed of the meter 
adjusted. The position of the 
brake magnet is itself invari- 
able. 

A new meter, of the jewel- 
bearing type, illustrated in Fig. 
166, has just lately been put 
on the market by this com- 
pany, and is known as the 
Stanley rotated jewel-bearing 
induction meter. It has practi- 
cally the same motor construc- 
tion as in the type H, Fig. 165, 
the novelty being in the jewel- 
bearing, a description of which 
is included in Chapter XIII. 
This meter can also be very 
quickly and easily adjusted for 
any frequency from 40 cycles 
to 133 cycles per second. This 
is accomplished by the magnetic 
shunt principle used in the 
Stanley meters. A contjict on 
a small rheostat is moved, 
which alters the reluctance of 
the magnetic circuit, so that the 
shunt system can be adapted to 
the different frequencies. The 
ratio of the torque to the weight 

of the disc is 10 to 7, the torque being 50 millimetre-grammes, the weight 
35 grammes, and the shunt loss is 1 watt at 110 volts. Creeping is 
prevented by means of one of two balancing vanes on each side of the 
revolving disc, and either can be brought between the disc and the shunt pole 
below it. 

The A.C.T. Induction Watt-hour Meter of the British Thomson-Houston 
Company, for inductive and non-inductive loads, is of very simple electrical 
and mechanical design. It is typical of the third class of induction meters, in 
which the phase difference of a (juarter period is obtained ])etween the main 
current and pressure current fluxes, when the currents and E.M.F. are in 
phiusc, by creating a large phase-shift between the shunt flux and the pressure, 
and splitting up the main current into two branch circuits in the meter, of 
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which the one is priictically free from self-induction, wliereas the other is 
made highly inductive, so that the resultant series flux leads in advance 
of the pressure, and the angle of lead will be exactly the complement of the 
angle of lag of the pressure circuit when the meter has been properly 
adjusted. 

In Figs. 167 and 168 are two illustrations of the meter, which show its 
general appearance with and without the cover. It is very compact, and is 
perhaps the smallest meter in use, having an overall length of but 8 inches, 
and being slightly more than 5 inches in width. 

One shunt electro-magnet and two main current electro-magnets comprise 

the driving elements of the 
meter. The two main current 
coils, one on each of the two 
magnets, are connected in par- 
allel with one another, and in 
series with one of them is a 
variable resistance for the phase 
adjustment. The resulting shunt 
and main current fluxes act 
upon a pivoted copper disc, and 
rotate it with a turning moment 
proportional to the power ex- 
pended in the circuit (t.e. E.C. 
cos<^). A permanent magnet 
operates upon the same disc and 
provides the retarding torque 
proportional to the speed. 

The dials record direct the 
units consumed, and are driven 
in the usual manner. 

All the parts are readily 
accessible, the different adjust- 
ments can be altered, and the 
whole meter taken to pieces, 
if necessary, with speed and 
ease. 

A light frame fixed to the 
meter base supports on its 
front face the integrating train 
and retaixling magnet, and carries at its lower extremity the jewel screw- 
bearing. These parts of the meter, together with the disc and the adjustable 
resisUuice with its sliding contact, are clearly visible in Fig. 168. On 
the back of the fmme are mounted the shunt and series systems. The 
electrical elements of the meter and their relative arrangements are shown 
diagnimmatically in Fig. 169, the friction compensation device being omitted 
for the siike of clojirness. 

N is the shunt magnet, composed of soft iron stjimpiugs. It is energised 
by the pressure coil, and luis an almost closed iron circuit, except for the snmll 
vertical air-gap V^ Its lower pole-j)ieces are extended and carry the bobbin 
on which the one main current coil H is wound. Immefliately IkjIow the 
shunt magnet, and separated from it by the horizontal air-gap in which the 
armature disc K rotates, is a second small laminated magnet. 'It consists 
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practically of two horseshoe magnets, with their vertical yokes combined to 
form a middle limb on which is wound the second main current coil H'. 

In series with the upper coil H is the adjustable resistance W, made of 
constantan, or German silver wire, part of which can be short-circuited by the 
sliding contact X. H' is wound in the opposite sense to H, and the two are 
connected in parallel as shown in the diagram. 

The principle of the meter will be readily understood by reference to the 
vector diagram. Fig. 170, and consists essentially in the utilisation of the fluxes 
produced by the main current and pressure current coils. Each of the two 
fluxes, i.e, the shunt flux and the resultant series flux, induces eddy currents 
in the disc, the rotation of which 
results from the mutual interaction 
of the main current magnet on the 
Foucault currents generated by the 
pressiire coil, together with the inter- 
action between the eddy currents 
induced by the main current coils 
with the shunt magnet. 

E denotes the P.D. of the supply 
circuit, and C is the main current 
flowing, supposed in phase with E. 
S is the shunt current, and gives rise 
to the flux Fg , both of which, owing 
to the large self-induction of the 
pressure coil, lag considerably behind 
the voltage of the circuit by an angle 
<^, less than 90 degrees. Most of the 
lines of force, due to the pressure 
current S, flow in the shunt magnet 
direct through the vertical gap as in 
a continuous ring, and only a small 
percentage of them cuts the disc. 

The main current C, in phase 
with E, divides into two portions in 
the meter, the one part traversing 
the windmg H' on the lower magnet, 
and the other flowing round the coil 
H on the upper magnet poles. The 
coil H has a low self-induction (com- 
pared with its ohmic resistance, so that the greater part of the current 
circulates in it, and it would, if acting alone, tend to drive the disc in the 
direction of rotation. 

The current Ci, in this branch, and also the flux F^ to which it gives rise, 
lead in advance of the total current C by a small angle </>2. The winding H' 
has, relatively to H, considerably more self-induction, and is traversed by a 
weak current only ; moreover, it is wound in the opposite sense, and this 
results in displacing its magnetic flux through 180 degrees relatively to the 
current in it. This current C. lags behind the main current in the circuit by 
an angle </>j , and the flux F^ , which it produces, diflbring from it in phase by 
180 degrees, will be in advance of the total current C. The two fluxes Fj 
and Fg combine to a resultant flux Fr , w^hich leads by a small angle ahead of 
the main current C in the circuit. 
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When the meter is properly adjusted, F^ should be at right angles to Fg , 
and the meter will then read correctly on any i)ower factor. 

A second vector diagram of the meter is shown in Fig. 171, to illustrate the 




Fio. 169. 



case in which the current C lags behind the pressure E by some angle xf/. To 
draw the diagram it is only necessary to first assume the current in phase 
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with the E.M.F. The current is then shown as at C, and the resultant series 
flux F'b is at right angles to Fs , a« explained above. The current vector is 
then rotated through the angle of lag ij/ into its correct position as at Cj. 
Now, the currents in the two current windings will not be altered relatively to 
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one another, on account of the main current being out of phase, with the 
E.M.F., but only their relationship, i.e. angular displacement, with respect to 
the pressure. The effect is, therefore, to simply turn the resultant series flux 
through an angle ^, and the vector F'r is drawn in the position Fr such that 
the angle F'rOFr is the same as the angle of lag. The torque is proportional 
to the true power E.C. cos i/r. In every case, if T denote the torque, 

TocFs.Fr. sin FsOFr . 

Now sin (FsOFr) = sin (F.sOF'r - F'rOFr) 

= sin (90' - \lf) 

= cos f/r. 

Also FrOcC and FsOcE, 
TocE.C.cosi/r. 
In Fig. 172 is given a sketch of the meter for the purpose of explaining 
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the method of carrying out the various adjustments. V and V are two iron 
screws, so mounted that they face the poles of the permanent magnet M, and, 
according to their position, shunt the flux more or less. When screwed in 
they shunt more of the flux, and thereby weaken the brake field in which the 
disc R rotates, with a corresponding increase in the speed of the meter. If 
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the speed be too high, the screws must be screwed out, further away from 
the poles. This affords a very reliable and easy method of effecting the high 
load adjustment. The screws are fixed by means of lock nuts when the 
adjustment has been completed, and the magnet itself is not moved. The 
friction compensation device, by which the speed of the meter is regulated on 
low loads, consists of an iron strip and screw shown at F. This strip shades 
the left-hand pole and produces a shifting field which tends to drive the disc. 
The intensity of the field is controlled by the iron screw, which, on being 
screwed in, accelerates the disc. 

The phase adjustment for inductive loads has already been explained, and 
is performed by altering the position of the sliding contact X, which is 
soldered when the adjustment is made. By altering the position of X the 
resistance in the circuit H is changed, while that of the circuit H' remains 
unaltered. This varies the relative reactance of the two branches. If the 
resistance in H be increased, ^2 ^iH increase and ^^ will diminish (Fig. 170). 
X is moved up or down until the resultant series flux is at right angles to the 
shunt flux, when the meter is correct. This adjustment is usually carried out 
with a power factor of about '5 or" -3. The shunt loss is very low, generally 
less than 0*5 watt, from 100 to 230 volts, with a periodicity of 50 cycles per 
second. The torque at full load is 3 J centimetre-grammes, and the weight 
of the revolving element 60 grammes. 

Single-phase Induction Meters, Types B.L. and I.B. — The alternating 
current meter for inductive loads, type B.L., of the Compagnie Anonyme 
Continentale pour la Fabrication des Compteurs, Paris, is illustrated in Figs. 
173 and 174. The requisite quarter-phase displacement between the main 
and the pressure current fluxes operating the meter, when the main current 
is in phase with the pressure, is obtained by the employment of a suitable 
reactance in series with the pressure coils and an inductive shunt to the main 
windings of the meter, which latter are, further, connected together through 
an adjustable resistance. The main supply current, on entering the meter, 
splits up between these two branches. The inductive shunt will only carry 
a small fraction of the whole current in the circuit, owing to its self-induction, 
and this current will lag behind the total current, whereas that flowing in 
the main windings proper of the meter will form the larger part of the total 
current, and will lead in advance of it. 

By suitably adjusting the resistance, which alters the relative reactance of 
the two main current branches, and also the choking coil in the pressure 
circuit, the meter should function correctly on inductive loads. 

It can be easily shown that the current in the main windings will always 
be proportional to the total main current flowing in the circuit, whatever the 
value may be. The object of the choking coil in shunt with the main current 
coils is to reduce these windings, and to cause the current in them to lead and 
to produce a leading magnetic field. It will be further noticed that the flux 
due to the lagging part of the current in the inductive shunt is not used to 
influence directly the revolving part of the meter. 

Referring to the illustrations, an aluminium bell C constitutes the arma- 
ture of the meter, and is mounted on a steel spindle A, resting on a flexibly 
carried jewelled bearing. The upper part of the spindle carries both the 
driving worm actuating the meter dials and the aluminium brake disc P, 
rotating between the poles of a permanent magnet E. The driving element 
is composed of a laminated iron ring having three inwardly projecting poles 
N, N', N". The bell C rotates in the air-gap between these poles and the 
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eccentrically-placed laminated iron core M. The core M serves to concentrate 
the lines of force and to augment the driving toniue. By means of the 
adjusting arm m attached to it, the core can be displaced relatively to the poles 
and the sensitiveness of the meter adjusted on low loads. The pressure 
winding consists of three coils mounted on the three poles, as shown in the 
illustrations. In series with these coils is the adjustable choking coil K, and 
the pressure circuit is connected direct across the supply mains. 

The two main current coils are wound on the poles N and N', and are 
connected together by the resistance R, which can be partially short-circuited 
by the adjustable sliding contact r. These coils are connected at their other 
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ends to the main current terminals h b\ which are shunted by the inductive 
resistance S S. 

The speed of the meter at top loads is increased or decreased by altering 
the position of the brake magnet E, adjustably mounted for this purpose. 

A meter suitable for small consumers is also manufactured by this 
company. A sectional drawing of the instrument, type I.R., is given in Fig. 
175, and its action will be understood by reference to Fig. 176. The moving 
element is a copper bell C mounted in the usual way ; it forms at the same 
time the brake in conjunction with the permanent magnet E. The shunt 
coil of the meter is wound on the yoke of a laminated iron magnet, the two 
pole-pieces of which are each provided with three teeth. The copper bell 
rotates between these pole-pieces and encloses a stationary soft iron core M. 
The core concentrates the fields produced and forms the light load adjustment 
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Fig. 176. 
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device. Its position relatively to the teeth of the poles is altered by rocking 
the adjusting arm D, which is attached to it and is controlled by means of the 
two screws V and V. A very sensitive adjustment can be obtained by this 
method. The main current coils are distributed in the notches on the pole- 
pieces, as shown in the diagram, Fig. 176, and are wound in the same sense on 
the two branches of the magnet. The result is that the fluxes produced by 
these main current coils oppose each other in the iron core ; they, therefore, 
form local circuits round the windings. A laminated iron bridge-piece P 




short-circuits the two limbs of the magnet and considerably increases the self- 
induction of the pressure coil connected in series with the choking coil S. 

The greater part of the shunt flux h takes the path through the bridge 
P, and only a small part traverses the core M. This part, together with 
the magnetic flux H of the main current coils, produces the driving torque. 

The shunt flux h and the main current flux H are indicated respectively 
by the dotted lines and those shown in full in Fig. 176. 

Eclipse Meter. — Fig. 177 is a diagram showing the motor system used by 
the Luxsche Industriewerke, Munich, Germany, in their * Eclipse' meter, 
type F.E.G., for non-inductive loads only, such as incandescent lamps. The 
shunt flux is produced by means of a single pressure coil S wound on the 
central limb of a three-pole laminated shunt magnet N, constructed as a 
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choking coil, with an almost closed magnetic circuit. About 90 per cent, of 
the lines of force form closed loops through the vertical air-gaps Vj and Vj , and 
the remaining 10 per cent, cut the revolving disc A and induce the shunt 
eddies in it. 

The lag of the shunt current behind the pressure of the circuit is about 
75 degrees, and an auxiliary choking coil is not used for circuits up to 
250 volts. 

Below the armature disc A and opposite the shunt magnet N is the four-pole 
series stator, which is energised by two main current coils wound on the two 
inner poles P2 and P3 and placed in series in one of the supply mains. With 
the polar gaps of the shunt and series magnets displaced relatively to one 
another, as in the arrangement adopted, the shunt eddies are dissipated in the 
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main current field and the series eddies in the shunt field, and, in consequence, 
the torque obtained is fairly high compared with the relatively weak fields used. 

For circuits in which the current is out of phase with the voltage, this 
company use the * Eclipse' meter, type F.E.M., in which an exact quarter- 
phase difference is obtained between the shimt and main current fluxes when 
the power factor is unity. 

The method employed is similar to that adopted in the A.C.T. meter, and 
consists in making the main current flux lead in advance of the main current. 
The main and scries system of the type for inductive loads is illustrated in 
the diagram in Fig. 178. It differs from Fig. 177 mainly in the series wind- 
ing, which is composed of four coils wound on the four poles of the series 
magnet. The main current, supposed in phase with the IM)., divides into 
two components C, and Cg , of which the one, Cj , flows round the two inner 
poles P*, and P^ , giving rise to only a few lines of force, which nearly all cut 
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the disc A. The other component, Cg , flows round the outer poles Pj and P^ , 
each of which has an iron short-circuiting piece G, and produces several lines 
of force, which, however, are for the most part short-circuited on themselves, 
and only a very few will traverse the disc. The two systems of coils are 




Fig. 178. 



placed in parallel, and are wound so as to oppose one another, the coils on 
the inner poles behaving exactly as in the previous type. 

The windings on Pg and P^ are connected together in series with an adjust- 
able resistance of nickel wire W, part 
of which can be short-circuited by means 
of the sliding contact L. By regu- 
lating the resistance W, the relative 
inductance of the two branch circuits 
can be altered until the resultant main 
current flux is at right angles to the 
shunt flux, when the main current is in 
phase with the pressure, as in the vector 
diagram in Fig. 179. E is the pres- 
sure, OFg is the shunt flux, due to the 
shunt current S lagging about 75 
degrees behind E. C) C is the main 
current, supposed in phase with OE, 
Cj is the current component round the inner poles \\ and Pj^ , producing the 
flux F^, and ()C\^ is the comixHient round the outer poles l\ and P4, giving 
rise to the flux O F2 . F^ and 1\ combine to the resultant O F^ at right 
angles to F„ . In both tyj)es the armature consists of a light aluminium disc 
mounted on a vertical spindle supported in a jewelled spring-bearing. The 
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whole revolving system weighed only about 15 grammes, and, in consequence, 
no clamping device is used. The disc revolutions are conveyed in the usual 
manner to a counter with springing figures, which indicate the energy con- 
sumption direct in units. The brake torque is produced by a permanent 
magnet, between the poles of which the armature disc rotates. The position 
of the magnet relatively to the disc can be altered for performing the high 
load adjustment. 

The friction compensation consists of a small iron strip T, adjustably 
mounted between the armature disc and the series magnet (Figs. 177 and 
178). The shunt flux is by this means made unsymmetrical, and an auxiliary 
starting torque is obtained proportional to the voltage. To prevent nnming 
on the shunt alone, a fleck of iron dust is lacquered on the disc. The disc 
can, under the influence of the shunt alone, only rotate imtil this spot comes 
between the poles, when it is held, and further motion is stopped. Fig. 180 
is a front view of the type F.E.M., for inductive loads. The motor system 
is fixed to the back of the case, and the front supports the brake magnet, the 
counter, and the bearings, the disc partially projecting through the base into 
the back of the meter, which is closed by a zinc cover. In external appearance 
the two meters do not differ. With the arrange- 
ment of the current-carrying parts on one side 
and the brake system on the other side of the 
base, the latter acts as a complete magnetic 
shield to the magnet. 

Meters with Ourrent and Pressure Trans- 
formers. — In a low-tension 200 volt system, 
when the current exceeds 50 to 100 amperes, 
alternating current meters are used in connection 
with series or current transformers. The main 
current flows through the primary ampere-turns 
of the transformer, the secondary ampere-tunis 
of which are connected to the main current Fig. 180. 

terminals* of a small capacity meter. The size 

of the transformer naturally depends upon the total current of the circuit, 
whereiis the meter is, in general, wound for a standard maximum current of 
about 5 or 10 amperes, the actual capacity of the meter varying in the 
different types. 

The transformers are so designed that they give a constant ratio over the 
entire range, from the lightest load to a large overload. On inductive loads a 
series transformer, according to its design, will cause the meter to run either 
slightly too fast or too slow, and, therefore, metere to be used with current 
transformers are either imder-compensated or over-compensated, so that they 
are somewhat slow or fast on inductive loads without the transformer, and are 
correct on all loads when the transformer is used. 

For high-tension systems, both pressure and current transformers are used, 
whatever the current capacity of the circuit, so that no high-tension current 
traverses any part of the meter, which can, therefore, be handled with im- 
punity. The shunt circuit of the meter is placed in series with the low- 
voltage secondary of the potential transformer, the primary terminals of 
which are connected across the high-tension mains, and the main current 
coils of the meter are connected to the series transformer, as already 
explained. 

In Fig. 181 is a diagram of connections of a Westinghouse meter, to 
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illustrate the case in which lx>th a pressure and a current transfomier arc 

used on a high-tension single-phase circuit. 

For voltages below 600 or 500 volts, 
but above 250 volts, some firms employ 
potential ratio coils and choking coils instead 
of transformers, using, however, the latter 
for higher pressures. The potential ratio 
coil is connected direct across the circuit, 
and a point in it is joined to the shunt ter- 
minal of the meter, so that the voltage across 
the pressure circuit of the latter is reduced 
to about 100 or 110 volts. When the capacity 
of the circuit exceeds about 100 amperes, in 
addition to the potential ratio coil, a current 
transformer is used. A diagram of connections 
of a Stanley meter with a potential ratio coil, 
on a 600-volt single-phase, small capacity 
circuit, is given in Fig. 182, as typical of 
this method. When a choking coil is used, 
the pressure circuit of the meter is placed 
in series with the choking coil direct across 
the supply mains. 

Switchboard induction meters present no 
special features. They simply consist of the 
usual types, suitably mounted for fixing on a 
switehboard, and they are enclosed in cylin- 
drical, metal or glass cases. They are used in 
connection with both pressure and current 
transformers, each meter having its own series^ 
or two pressure transformers are used to 
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transformer, but only one 




Fig. 182. 



energise the low-tension instrument bus-bai-s, to which the shunts of the 
meters are connected. 



CHAPTER IX. 

POLYPHASE METEBS. 

Two- Wattmeter Method of Measuring Power — General Description of Polyphase Meter — 
Polyphase Metera for a Three-phase Four- wire System — ^Behaviour of Three-phase Three- 
wire Induction Meters on Inductive Loads— Condition for Use of One Single-phase 
Induction Meter — Effect of Wrongly Connecting a Three-phase Three-wire Meter — Aron 
Polyphase Meters — Bat Polyphase Metera— iSectrical Company's Three-phase Meter 
— Three-phase A.C.T. Meter — Deutsch-Russische Tliree-phaae Meter — Fort Wayne 
Polyphase Meter — Siemens-Schuokert Polyphase Meters — Thomson Polyphase Meter — 
Westinghouse Polyphase Meter. 

Two- Wattmeter Method of Measming Power. — The mathematical prin- 
ciple8 involved in the measurement of the electrical power absorbed and, 
consequently, the electrical energy 
consumed in a given time in a jj^- ■ 'Msi ■ 



polyphase system, have been ex- * 1— 'imr^ 
plained in Chapter VII. By a 

polyphase system is meant a two- j^ , 
or three-phase network with three 
and four conductors. 

The general method of measur- ]— ;T nnr^ 



C> 9<> 



ing the power absorbed in a two- """"""""jcT 

phase three- or four- wire system, '^ 

and in a three-phase system with ^'"- ^^^• 

three conductors, consists in the 

use of two wattmeters, connected as shown in Fig. 183, which represents 

a three-phase three-wire network, both for a star or delta coupUng of the 

three-phase branches. 

The instantaneous value of the power is 



To-r-o 



The mean power is 



T T 



where v\ , v'.2 , f'\ and Cj , Cg , c^ are the instantaneous values of the pressures 
between the supply mains and the currents in those mains. P^ and Pg are 
the two wattmeters, and the method is conmionly know^n as the two-watt- 
meter method of measuring power. It follows that two induction watt-hour 
meters connected as in Fig. 183 will measure the energy consumed in such a 
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circuit whether balanced or unbalanced, Pj and Po now representing energy 
meters. 

In a three-phase star- or delta-coupled system, when the load is equally 
distributed between the three-phase circuits, the equation for the mean power 
was shown to reduce to 

P = 73. V.C. cos (<l> - 30'*) -h V3.V.a cos (if> + 30*"), 

where V and C are the phase pressure and the phase current (or main current) 
for a star coupling, and for a delta connection V is the P.D. between the 
mains, and C is the phase current in a leg of the triangle, all being root mean 
square values ; also ^ is the angle of lag, which in this case, as the system is 
balanced, is the same for each phase. 

If Vj denote the P.D. between any two of the supply mains, and C^ the 
current flowing in one of the mains (R.M.S. values), then for a star coupling 

Vi=V3.V and 0^ = 0, 

and for a delta coupling 

Vi = V, but Ci= ^'5.C, 

so that in both cases the mean power is 

P = VjC, cos (<^ - 30*) + Yfi^ cos (<^ + 30^). 

The energy consumption in the time (Tg - Tj) is, therefore, 

E = / VjCi cos (<l> - SOyit + |Vi.Ci cos {^ + 3oyt . 

T, T, 

The one induction watt-hour meter reads / V^Cj cos (^ ~ 30*)dt and the 

T, 

other 1 Vj.Cj. cos (^4-30')(/<, the sum of the two readings giving the total 
three-phase energy consumption, viz. I <^/3.Vj.Cj cos <lxU. 



T, 

When the currents and pressures are in phase, i.e. cos ^ = 1, then 
E= I yA\^~dl-\- I V,.C, Vdt^2 I v,.c, "i^dt. 



E= [\\t\^~dU I V,.C, fdt^2\V,.C, f - 

"t, 

8 j V,C, fdt. 



Each meter reads | V^Cj ^i^dt, so that the total energy consumed is, in 



this case, obtained by using a single ordinary induction nietor suitable for a 
two-wire single-phase alternating current circuit, connected as Pj or Po 
(Fig. 183), and by doubling the difference between its two readings taken at 
the commencement and termination of the interval under consideration. 
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In general, when a singlc-pUaHe meter is intended for use on a perfectly 
balanced three-phase system with a power factor of miity, the integrating 
mechanism is so geared that the readings give the total energy taken, and it 
is then not necessary to use the multiplier 2. 

When the system is unbalanced, and also when the system is balanced, 
but the currents and pressures are not in phase (i.e. cos ^ + 1), then two 
watt-hour meters must be used. By suitably choosing the constants of the 
two meters they can be combined to form one instrument, and this is the 
general method adopted. 

General Description of Polypha4se Meter. — A polyphase meter, therefore, 
consists, in general, of a combination of two single-phase motor-meter elements 
operating upon one armature disc, or cylinder, or upon two such revolving 
parts, in which case the two armatures are mounted on a common spindle. 
The revolutions of the meter spindle in either case are transferred to an 
integrating train in the usual manner, and the ordinary magnetic brake 
system is used. The total torque exerted on the meter spindle is the 
algebraic sum of the torques exerted by the two motor elements, and is 
proportional to the total polyphase power, so that the difference between two 
readings of the meter dial gives the total polyphase energy consumed in a 
given interval. The polyphase meter for unbalanced loads is usually 
connected to the two-phase or three-phase circuit in the same manner as when 
two watt-meters are used for measuring power (Fig. 183). This, however, 
does not apply to polyphase meters for measuring the energy consumed in a 
three-phase system with four conductors. 

By the adoption of a single instrument to measure the energy, however 
unbalanced the phase circuits may be, large economy is secured. The usual 
method consisted in the employment of two independent single-phase watt-hour 
meters. The use of two separate meters has, however, several disadvantages. 
The capital cost is increased, the maintenance charges and the erection costs 
are duplicated. Space has to be provided for two meters instead of one, and 
two meter readings have to be taken and added together, with the result that 
errors can easily be introduced. 

In an induction meter for ordinary single-phase circuits it has been 
pointed out in previous chapters that the pressure current and main current 
fluxes operating together on the revolvable disc must have a phase displace- 
ment of one-<j[uartcr period relative to one another when the current and 
the E.M.F. are in phase, i.e. when the meter is operating on a purely non- 
inductive load. Exactly the same condition must be fulfilled by each of the 
motor systems of the polyphase meter, whether for balanced or unequally 
loaded systems. 

By so choosing the pressures of the three-phase system to produce the 
shunt fields, special artificial phase devices need not be employed, on the 
assumption that the pressures of the three-phase system are equal to one 
another and have a relative phase displacement of 120 degrees. In the 
Siemens-Schuckert three-phase meter, type F.U., this method is used. 

As with single-phiise meters, current and pressure transformers are used 
for the measurement of heavy currents and high voltages, and on high-tension 
systems both current and pressure tmiisformers are employed, whatever the 
capacity of the insttillation. 

Polyphase Meters for a Three-phase Four- wire System. — In a three- 
phase system with four conductors the power absorbed is obtained by means 
of three wattmeters, the current coils of which are connected in the three 
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supply uiaiii8, and the pressure coils of which are placed between these mains 
and the common return or neutral wire. The proof is given on page 129. 
The energy is measured by three single-phase induction meters connected in 
the same manner, as shown in Fig. 184. The^sum of the three readings will 
give the total energy consumed. It is, however, not necessary to use three 
instruments, as a single polyphase meter can be used when specially designed 
for a three-phase four-wire system. The principles involved in the construc- 
tion of such a meter will be found in the latter part of Chapter VII., and it 
will be seen that they differ from those on which the ordinary polyphase meter 
is based. In other words, a meter suitable for a three-phase three-wire net- 
work (or two-phase with three and four wires) will, in general, not measure 
the energy in a three-phase system with four conductors. 
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Fig. 184. 

Behaviour of Three-phase Three-wire Induction Meters on Inductive 
Loads. — Before proceeding to the descriptions of the polyphase meters (for 
unbalanced loads only) included in this chapter, a few general remarks may 
prove of interest in connection with the behaviour of ,a three-phase three-wire 
meter when the load is inductive and equally distributed between the phases. 
In this case, as already explained, the mean power is given by the equation 

P = VjCi cos (<^ - 30-) -h V^Ci cos (<l> + 30'*). 

The driving torque Dj of the one motor element of the polyphase meter 
is proportional to VjCj cos (<^ - 30**), and the driving torque Dj of the second 
motor element is proportional to V^Cj cos (^ + 30*), the total torque being 
proportional to their algebraic sum. 

When 4> = 0, then DiOcVjCi. ^^ , DgOcViCi. */?-, and the speed of the 

meter is proportional to ^^S.ViCj , i.e, the true power. 

When <^ = 30', then I)^ocV,(^, , DgOcVjC^ ^ , and the speed of the meter is 
proportional to ilViCj, i.e. ^3.VjCj cos 30°, which is the true power when 
the angle of lag is 30\ 
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When <^s= 60', then D^ocVjCj ^, D2 = , and the speed of the meter is 

proportional to Vj.C,. y-- = ^3. V,Ci cos 60*. 

V C V c 

When <^ = 90', then D^oc-^ i , DgOC - -J- J , and the meter speed is pro- 

/V C V c \ 
portional to (— l-i- J ij = 0, i,e, the meter stops, the power being zero, or 

<y3.ViCi cos 90*, as in this case the current and pressure are in quadrature. 



When <^=-90', then DiOC-— ^i, D2OC J^ S and the same result is 



obtained as when ^ = + 90*. 

When <^= - 60*, then Dj^O, and I>2^^i-^i o » ^^^ ^^® meter speed is 

proportional to ^3. V^C^ cos ( - 60*) which is the same as J3.Y^C^ cos 60*. 

Finally, when ^ = - 30*, the same ultimate result is obtained as when 
<^= 4. 30*, but Dj is now proportional to iVjC, and Dg to V^Cj. 

Oondition for Use of on€ Single-phase Inauction Meter.— It has already 
been shown that when the three-phaae three-wire system is perfectly balanced, 
and no displacement exists between the current and the pressure, one single- 
phase induction meter suffices for the measurement of the energy, but in no 
other case. 

It must be remembered that unless the integrating mechanism is specially 
geared, its indications must be multiplied by the factor 2. 

If, however, the current and pressure be not in phase, although the three 
branches may be in perfect balance, then it is incorrect to use a single-phase 
meter iii this manner. This is easily shown as follows. The meter reads 
either 

9 



I f VjCi cos (<^ - W)dt , or 2 / V^Ci cos (<^ + 30*>« . Now the true energy is 

T, T, 

/ v'3.V,Ci cos ffidt . Hence, when the meter reads 2 f \\C^ cos (<^ - 30*)r?^ , its 

T, 'T, 

indications will be too high, since 

2 j V^Ci cos (<^ - 30'')dt = jViC, ^3.cos 0c// 4- j V^Cj sin <hiH , 

T, T, T, 

and when it reads 2 /VjCi cos (<^ + 30*y<, the meter will be under-registering. 

T, 

If <^ = 30*, then in the former case the meter reads 33 J per cent, high, 
and in the latter 33 J per cent. low. When <^ = 60*, the meter reads either 
100 per cent, high, or it stops, and when <^ = 90*, in which case the power 
absorbed is zero, the meter indicates as though its speed were approximately 
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proportional to '58 times the true three-phase power when the load contains 
neither self-induction nor capacity, or it revolves at this rate in the reverse 
direction. 

Effect of Wrongly Oonnectiiig a Three-phase Three-wire Meter. — It has 
already been shown that a three-phase three-wire meter is, in general, con- 
nected to the circuit on the two- wattmeter method of comiection. The 
instrument is usually provided with six terminals, which are divided into two 
sets, one for each of the two single-phase motor elements comprising the 
meter. Each set has generally one shunt terminal and two main current 
terminals, of which the one is for the supply and the other for the load. 
When the meter has been properly installed its disc will revolve in the 
correct direction, which is indicated by an arrow on the meter cover, and it 
will function correctly. The inference must not, however, be drawn that 
the correct direction of rotation of the disc is in itself a sufficient guarantee 
that the indications of the meter will be correct. It is, in fact, quite possible 
to so connect the meter that the disc will be revolving as shown by the 
arrow, but it will be registering quite wrongly. It must be remembered that 
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a definite relationship exists between the different connections, and that the 
meter will only function in a proper manner when this relationship is 
observed. In actual practice it often happens that the person installing a 
three-phase three- wire meter knows nothing definite as to the phase conditions 
of the three supply mains, and has no information of the power factor of the 
load. It is then quite possible for him to easily make an error in the connec- 
tions, especially the shunt connections ; and although he may, on closing the 
circuit, obtain a correct direction of revolution of the disc, the meter in all 
probability will be registering either too high or too low. 

The two- wattmeter method of connection may be carried out in three 
different ways, as illustrated diagrammatically in Figs. 185 to 187. The 
result obti\ined is, however, exactly the same in each case. In all these 
diagrams P^ and P.^ represent the two motor elements of the meter, and for 
the sake of clearness P^ and P^ may be regarded as two distinct single-phase 
induction meters. The letters v and c denote respectively the instantaneous 
values of the pressures between the supply mains and the currents in those 
mains. M^ is the supply terminal, L^ is the corresponding terminal to the 
load, and Sj is the shunt terminal of the meter P^, the letters M^, etc. having 
the same significations for the meter Pg. 
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Ueferring to Fig. 185, the series circuit of the meter P^ is placed in the 
supply main No. 1, whereas that of the meter Pg is placed in main No. 2, and 
the shunt connections have in this case to be brought from the two shunt 
terminals Sj and S., to the third supply main No. 3. The instantaneous value 
of the power is 

When the system is perfectly balanced, the mean power has been shown to 
be given by 

P = Vj. Cj. cos (<^ - 30°) -H V^.C^. COB (<^ + 30"), 

Vj and Ci being the H.M.S. values respectively of the P.D. between any 
two of the supply mains and the current in any one of these mains, cos ^ 
denoting the power factor of the load. The one meter Pj revolves at a rate 
proportional to V^C^ cos (<^-30*), and the second meter Pg rotates at a 
speed proportional to V,.Cj. cos (<^ + 30*), tlieir algebraic sum being pro- 
portional to the true power, t.c. ^3. V^. Ci- cos ^. 
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Instead, however, of placing the series circuits of the two meters in the 
mains 1 and 2, they may be placed in the mains 2 and 3, as shown in the 
diagram Fig. 186, when the shunt terminals have to be connected to main 1. 

The mean value of the power is now given by 

and the two meters indicate in exactly the same manner as in the previous 
case. Pj will be proportional, as before, to Vj.Cj. cos (<^-30'') and Pj to 
Vi.Cj. cos (<^ + 30"). It may be pointed out here that the two meters would 
fimction correctly if P^ , instead of being connected as a single-phase meter to 
mains 1 and 2, were connected as Pg is, and the corresponding change be also 
made as regards Pg. The sum of their readings would indicate the true 
three-phase energy, but in all probability they lx)th would rotate in the 
opposite direction, as Pj would now be proportional to Vi-Cj. cos (^ + 30*), 
and Pg would be proportional to VpCj. cos (^ - 30*). 

The third method of connection is shown in diagram Fig. 187, and the 
instantaneous value of the power is 

P, is again proportional to Vj.Cj. cos (<^-30°) and Pj to V^.C^. cos (<^f-30*). 
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It will be observed from the above that the two series circuits of the 
polyphase meter may be placed in any two of the three supply mains, but that 
the free ends of the two pressure circuits (i,e, the shunt tenninals) must be 
connected to that main which does not pass through the meter. 

It Seems advisable to first connect the shunt terminals of the meter to any 
one of the three supply mains, then to bring the remaining supply mains into 
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the two supply terminals (in the diagrams marked Mj and Mg), and complete 
the connections on the load side of the meter. If the meter revolve in the 
wrong direction on closing the circuit, it is only necessary to disconnect the 
two supply, mains entering the meter (at Mj and Mg) and to interchange 
them, when the meter will rotate as indicated by the arrow on its cover, and 
will function correctly.' The terminals of the meter should be lettered in 
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some distinctive manner, especially those for the shunt connections, and, 
further, the three supply mains should always be furnished with some 
distmguishing mark. 

In Fig. 188 is shown diagrammatically a three-phase three- wire meter 
improperly connected to the system. The series circuits of Pj and Pg are placed 
in the mains 1 and 2, as in Fig. 185, but one of the pressure circuits is wrongly 
connected. S^ should be joined to main No. 3 ; Sg is properly connected. 
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The meter will, generally, read incorrectly. Assuming a balanced system, 
some interesting results may be established. If the currents and pressures 
be exactly in pliase, i.e, cos ^=1, the meter will read correctly. A very 
slight deviation, however, from unity power factor will cause a very large 
error, and this should be borne in mind, as in actual practice exact coincidence 
in phase between the current and the pressure is never realised. Even when 
the load consists entirely of incandescent lamps, the power factor is not 
exactly unity, and the above result only holds when it is absolutely so. 

If the power factor be "866, i.e. <^ = 30', the meter in this case will read 
33 J per cent, low, whereas with a power factor of *5, i.e. ^ = 60°, the meter 
will stop, the true power being, however, ^.V^.C,. cos 60°, t.«. | ^.V^.C^. 
For power factors less than 5 the meter reverses, and when the current and 
pressure are in quadrature, Le, the true power is ^.YyC^. cos 90° = 0, it 
continues rotating in the reverse direction and at a speed approximately pro- 
portional to -58 times the three-phase power when the power factor is unity. 
On the other hand, if the meter be wrongly comiected, as indicated in Fig, 
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189, it will generally read high, except for a unity power factor, when it will 
register correctly as in the former case. When the power factor is 866 
(^ — 30°) it will be 33 J per cent, high, and when the power factor is -5 it will 
read 100 per cent. high. As the power factor decreases from this value the error 
will also grow less, and when the power factor has fallen to zero, i.e. ^ « 90°, 
the meter, still rotating in the same direction, will have a speed approximately 
proportional to '58 times the power when the power factor is unity. 

Other incorrect methods of connection will readily suggest themselves to 
the reader, who will be easily able to detennine the degree of inaccuracy 
( + or - ) for different power factors from the equations and principles given 
in Chapter VII. 

It may be as well to emphasise the fact that, when the system is 
unbalanced, the polyphase meter wrongly connected will always give incorrect 
results. 

With some polyphase meters special connections have to be employed, 
more particularly with three-phase four-wire meters. In such cases it is 
essential to know exactly the order in which the supply mains are to be taken, 
and in a four-wire system, which is the fourth or neutral conductor. In 
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practice, the correct sequence of the three supply mains is tested by the 
employment of a three-phase rotary field direction indicator, such as that 
manufactured by the Siemens-Schuckert Werke, Berlin. The fourth or 
neutral conductor of a three-phase four- wire system is easily, determined by 
means of a voltmeter. 

In installing meters for single-phase or polyphase circuits with transformers 
(current, pressure, or both), care should be taken to ascertain whether the 
transformer will introduce any modifications in the connections to the meter. 
With single-phase meters this is not of very great importance, as the correct 
direction of rotation of the meter disc means the proper working of the meter. 
Consequently if, after connecting with the transformer or transformers, the 
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direction be wrong, it is easily rectified by altering the meter connections. 
This, in the case of polyphase meters, only holds when the primaries of the 
transformers have been properly connected to the three supply mains, and the 
two sides of the meter have been correctly joined to the secondaries of the 
right transformers. 

The reason for the modification introduced by the transformer is that in 
some designs the currents in the primary and secondary circuits of the 
transformer are at every moment reversed relatively to one another, and 
this may affect the connections to the meter. 

Aron Poljrphase Meters. — The earliest Aron clock meters for three-phase 
three-wire circuits were based on the equation 

3p = v\(Cj^ - C3) + v\{c^ - C2) + v\{c^ - Ci), 

the letters denoting the instantaneous values of the currents in the three 
supply mains and the pressures between them. Six main current and three 



POLYPHASE METERS. 



195 



pressure coils were conseciuently required, resultinj? in a vory complicated 
instrument. This method was, however, very quickly abandoned and a 
new one developed, which forms the basis of all polyphase three-wire meters 
on the two-wattmeter method, the equation for the instantaneous power 
becoming 

the proof of which was given on page 120. 

In Fig. 190 is given a diagrammatic sketch of the Aron three-phase three- 
wire meter. Mj and Mg denote the stationary main current coils, and Sj and 
Sg are the pressure coils carried on the two pendulums, S^ and Mj operating 
together and also S^ and Mg. Rj and Rg are suitable resistances in the two 
pressure circuits, and fj , t^, t^ represent three flexible spiral connections by 
means of which the pressure currents are conducted to and from the 
swinging volt coils. 

Dr Aron was not only the first to construct three-phase three-wire meters, 
indicating the general method to be adopted, but also established the formulsB 
for the construction of three-phase meters for systems with four conductors. 



Ml 



Ms 



M2 



Ca 










^J 


J 


Q 




&^i 


s 


^^ 


C2 


"? 




■■*% 

uc^ 


% 



Fio. 191. 



and designed clock and motor meters for this purpose. The instantaneous 
value of the power for a three-phase four- wire system (Fig. 191), as shown on 
page 128, is 

This equation reduces to 

p = r,(Ci-C8)-ht72(^2-C3), 
which may be written 

?^ = Vi + V2-<'3(«^i + ''2) .... (i). 

In Fig. 192 is shown diagrammatieally the arrangement of the main 
current and pressure coils of an Aron clock meter based on equation (i). S, 
and Sg ^r® ^^^ shunt coils on the two pendulums, arranged in such a manner 
that the ciurent r^ in the coil A acts on the pendulum carrying the shunt coil 
Sj, energised by a current proportional to /;j . The current c^ in the coil B 
acts on the volt coil Sg of the second pendulum connected across Mg and Mq. 
The central coil C carries the current Cg in the main M3 and acts on both the 
pendulum coils. As it is necessary to retard one pendulum and accelerate 
the other, the two shunt coils are so connected that they always produce 
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opposite polarities relatively to one another ; while the currents in the coils 
A and B circulate in the same direction, that in coil C flows in the opposite 
direction. The above equation (i) requires that the current coils should be 
so arranged that they affect the pendulums equally. This is, however, 




Fig. 194. 



often a matter of inconvenience on account of limitations of space, and a 
different arrangement can be used. 

Equation (i), as shown on page 130, can \yc transformed into 



i.e. 






(ii). 
(iii). 
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Equation (iii) shows that the middle coil can be placed at a greater distance 
from the two pendulums than the other two ; it also carries the current hi the 
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fourtli conductor M,j, and must he Jid justed so that its eftect is only equal to 
one-third of the current in the neutral conductor M^. The connections of the 
coils are also quite dift'erent from the former case, and are shown in Fit;. 193 : 



POLYPHASE METERS. 



199 



it will also be seen that the pressures used are now not tliose between the 
mains and the fourth conductor. 

A complete three-phase four-wire Aron meter is illustrated in Fig. 194, 
and is based on equation (i)c 

The Bat Polyphase Meters. ~The Bat two-phase, or three-phase, three- 
wire meter is illustrated in Fig. 195, which shows the arrangement of the 
various parts. It consists of two single-phase motor-meter elements, each of 
which is similar to that used in the single-phase type, and both these driving 
systems act upon the same disc. A separate brake disc mounted on the 
lower part of the axle is used, and it 
revolves between the poles of two per- 
manent magnets. 

The method of connection is the 
ordinary two-wattmeter one, as will be 
seen from the illustration. The driving 
torque exerted on the armature disc by 
each motor element should be the same 
for the same load. The adjustment is 
made by lowering or raising the iron 
plate Eg, Fig. 195, by means of the screw 
V, until the torque exerted by the part A 
is equal to that produced by B, each side 
being tested on the same load as a single- 
phase meter. When the disc Eg is lowered 
the torque of A will be increased. 

It is important to bear in mind that, 
whichever motor part (A or B) is being 
tested, the shunt coils of the two motor 
systems must always be energised, other- 
wise errors will be introduced. The reason 
is that the one shunt system acts as a 
brake to the other ; and unless both the 
shinits be energised in testing the meter, 
it will read low when connected to a 
three-phase installation. This applies to 
any three-phase meter of this type. 

The Bat Meter Company also supply a 
special three-phase four-wire meter. The 
general construction of the meter will be 

followed from the front view of the instrument given in Fig. 196. Two pairs 
of main current and two pairs of shunt coils operate on the top armature 
disc, producing two driving systems very similar to those used in the three- 
phase three- wire meter, the difference being as regards the connections of the 
coils and their effect on the disc. 

The principle of the meter is based on the equation 

the letters denoting instantaneous values, and the proof of the equation is 
given on page 130. The methcxl of connection is shown diagrammatically in 
Fig. 197. 

Mj and Mj are the two main current, and Sj the shunt, coils of the one 
motor system which act together on the disc, and M3 , M^ , and Sg are the 
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corresponding coils of the second motor element. Mj is placed in main No. I, 
Mg and M3 are connected together in series and placed in main No. 2, 
and M4 is in main 3, the shunt coils Sj and Sj being connected between the 
fourth or neutral wire and the mains 1 and 3 respectively. The meter will 
give the total three-phase energy, however unbalanced the circuits may be. 

The Electrical Company's Three-phase Meter. — The three-phase meter 
for three-wire circuits of the Electrical Company, Ltd., London, possesses the 
characteristic feature of having only one pressure circuit in contrast to the two 

J 1 • pressure circuits of most poly- 

Jm^JjJL^ v^^ »i^— ■— ^—1 ^^B— ^ phase meters with the two-watt- 
meter method of connection. In 
this manner the shiuit loss is 
kept small, the construction of 
the meter is simplified, and the 
troubles due to rupture of the 
fine wire of the pressure circuit 
are minimised. The result is 
obtained by assuming that the 
three tensions of the system 
are always equal to one another. 
It will be followed by reference 
to Fig. 198, which represents 
a diagram of connections of the 
meter, and to the vector diagram in Fig. 199. Mj and M, are the two 
main current coils of the meter, and Sj and So ^^^ ^^® shunt coils pro- 
ducing respectively with Mj and Mg the rotary fields which drive the disc ; I is 
the impedance coil. With the connections as shown the pressure used is v\. 
The pressure current c\ is displaced 30* with reference to the phase of v^ and 
operates with the current in Mg. It will be seen from Fig. 199 that the 
flux due to Co in S^ is at right angles to v^ , i.e. to the flux produced by the 
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current in the main coil M.^ wlien the load is non-hiductive. The pressure 
current r!^ is split into two portions by means of the non-inductive resistance R 
in parallel with the coil Sj , so that the pressure current c\ in this coil operating 
with Mj is at right angles to v^ , and the shunt and main current fluxes are 
again displaced by a (juarter period when the lojid is an inductionless one, the 
other component of the shunt current c\ in the non-inductive resistance being 
in phase with Vy The total torque on the disc is thus proportional to the 
true power absorbed. The meter, with the cover removed, is shown in Fig. 



POLYPHASE METERS. 



201 



200. The construction of each motor element is very similar to. that employed 
in the single-phase meter, type K.J. (see page 135). One choking coil is 
used, and a secondary winding is wound on the central limb of the right-hand 
magnet. The conductivity of this winding is adjusted by means of the 
sliding contact, clearly shown in the illustration, in obtaining the requisite 
phase relationships, together with the non-inductive resistance on the left of 
the meter spindle. The same disc is operated upon by both motor elements 
and acts as the brake disc, revolving between the poles of a permanent magnet. 
Three-phase A.C.T. Meter.— This meter of the Compagnie pour la 
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Fabrication des Compteurs, Paris, consists of a combination of two of their 
A.C.T. single-phase meters driving a single disc, the work done being 
absorbed by the V)rake magnet. Eacli meter system consists of a pressure coil 
and two main current coils, the latter being in parallel with one another, and 
wound in opposite senses. The ciuarter-phase disphieenient between the shunt 
and series fluxes is obtained with each system, when the load is a non-inductive 
one, by means of the iidjustable resistance in series with one of the main 
current windings, in exactly the same manner jus for the A.C.T. meter 
described in Chapter VIII. The other adjustments are also similar. 

The Deutsch-Bussische Three-phase Meter. — The three-phase meter of 
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the Deut«uli-Kiissi8che Electricitatszahler-Gesellscliaft, Geniiaiiy, consisty of 
two of their single-phase induction meters, type W.J., described on page 145. 
The two meters are mounted together on one common base, as will be seen 
from the illustration given in Fig. 201, and the sum of the readings of the 
two coimters gives the total three-phase energy consumption. With this 
arrangement the state of balance of the phases of the system can be readily 
determined, and the two meter readings will be exactly the same when the 
three-phase system is perfectly balanced and the power factor is unity. 

Fort Wayne Polyphase Meter, — The polyphase induction meter of the 
Fort Wayne Electric Works, Fort Wayne, Indiana, U.S.A., consists of two of 
their type K induction motor-meter elements operating upon one aluminium 
cylinder, the speed of which is controlled in the usual manner by two 

adjustably mounted vertical 
permanent magnets. The 
general arrangement is very 
clearly shown in the view 
given in Fig.- 202 of the 
switchboard meter, iind the 
connections are made on 
the ordinary two-wattmeter 
method. 

Two sets of series coils, 
one in each side of a two- 
phase four- wire or two- or 
three-pliase three-wire circuit, 
are mounted on anns screwed 
to the lower brackets, and 
together with the shunt coils 
produce the total driving 
torque on the cylinder. The 
impedance coils used in each 
pressure circuit are situated 
at the bottom of the instni 
ment. The adjustments for 
each motor system are made 
in exactly* the same manner 
as in the single-phase meter, 
type K, described on page 
162. 

Siemens-Schuckert Polyphase Meters. — The Siemens-Schuckert Werke 
manufacture two types of three-phase meters for luiequally loaded three-phase 
three-wire systems. Their U.D. type, Fig. 203, is simply a combination of 
two of their single-phase meters, a description of which has l)een given on 
page 141. The revolving element is composed of an axle, on which are 
mounted two aluminium drums, an aluminnmi brake disc, and a worm to con- 
vey the rotations of the spindle to a counting train. The work done by the 
two induction motors is absorbed by the brake disc, rotating between the 
}K)les of a permanent magnet. The drum of each induction motor is driven 
l)v the rotary magnetic field, produced by the two main current coils, and the 
two pressure coils, which are wound on the four }X)les of the motor frame. 
The 90" phase displacement, between the shunt and series fluxes of each meter 
system, when the lotid is non-inductive, is produced in exactly the same 
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Dianner as in the corresponding single-phase type. Denoting the three-phase 
mains in order by the numbers 1, 3, and 2, the mam current coils of the one 
motor are traversed in series by the current in main 1, and those of the 
second motor by the current in main 2. The pressure coils of the first motor 
are then placed in series across the three-phase wires 1 and 3, and the remain- 
ing pressure coils are connected in series between the branches 2 and 3. The 
same method of trembling support of the moving system is used as in the case 
of the single-phase meter. 

Fig. 204 is a general view of the Sicmens-Schuckert three-phtise meter, 
type F.U., and in Figs. 206-208 are given the details of its constituent 
parts. 

Two aluminiimi discs mounted on the same axle comprise the armature of 




Fia.*202. 



Fio. 203. 



the meter. Each disc is acted upon by two main current coils, and either one 
or two shunt coils, according to the pressure, each shunt coil being wound on 
one of the vertical limbs of a laminated iron magnet, in the air-gap of which 
the disc rotates. The main current coils of the first disc are connected in 
series and are traversed by the current in the main 1 of the three-phase 
system. The one main current coil of the second disc carries the current in 
main 3, and the other has flowing in it the current in main 2. The two (or 
four shunt) coils arc coupled together in star with an impedance coil, and 
their free ends are connected to tlie three sides of the three-phase network. 
The method of connection is illustrated diagrammatical ly in Fig. 205. The 
two main current coils, connected in series, of the upper disc, are represented 
by Mj + Mg , and they operate with the shunt coil or coils Sj. Mg and M^ 
denote the two remaining current coils, which, in conjunction with the shunt 
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coil or coils Sg , drive the lower disc. I is the impedance coil, in star with Sj 
and 82 . 

The equation upon which the meter is based, viz. 

2p = c^{v\ - r 3) + v\(c^ - C2), 

has been explained in Chapter VII., on page 128. Each of the two discs, 
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further, rotates between the poles of a permanent magnet, which induces the 
retarding eddy currents. 

Three aluminium castings are used to support the different elements of 
the meter. These consist of the circular ba.se (Fig. 204), on which the whole 
meter is mounted, the E-shaped bmcket (Fig. 206), which serves to carry tlie 
revolving element, and the shunt and series systems, and finnlly the front 
frame, to whi(;h are attached the integrating trnin and brake magnets, as 
shown in Fig. 204. The revolving element consists of two ahuuinium discs, 
which are ribVjcd to increase their rigidity, and are attached to the common 
spindle by means of brass hubs, the one near the top and the other at the 
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lower end. A small fan to balance the moving system is carried on the spindle 
in addition to the two discs and the brass driving worm. The revolving 
clement, with the lower disc removed', is clearly shown in Fig. 208. 

The electrical details 5 

of the series and shunt 
systems are given in Fig. 
207. Two views of a main 
current coil are shown at 
hf very clearly illustrat- 
ing the method employed 
in fixing the same, and 
the construction of the 
laminated rectangular 
shunt magnet Sj will be 
understood by reference 
to its parts a, 6, and c. 
A shunt coil is also shown 
below the magnet at D. The series coils are oblong in shape and are mounted 
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one on each side of the shunt magnet (Fig. 



206). The bolts securing them 
to the £ -shaped bracket pass 
through slots in the latter, 
so that the position of the 
coils can be altered for ad- 
justing the instrument. The 
impedance coil is constructed 
in the same manner as the 
shunt magnets, and is fixed 
to the base of the meter. 

A very easy and sensitive 
adjustment for compensating 
for friction on light loads is 
obtained by the use of a 
small iron bolt, shown on the 
right in Fig. 208, above the 
upper aluminium disc. This 
bolt, or starting screw, is in- 
serted in either the right- or 
left-hand hole in the top 
ledge of the £-shaped bracket. 
According to its position, 
in which it is secured by 
a lock-nut, it produces a 
rotation either to the left 
or to the right. The sup- 
plemental torque exerted in 
this manner results from the 
attraction between the iron 
bolt and the eddies induced 
in the disc by the shunt magnet, and its magnitude depends on the height 
of the bolt above the disc. The difference in phase between the shunt 
and series fluxes of each system is adjusted by means of non-inductive 
resistances connected to the shunt coils, and the speed of the meter at the high 
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loads can be varied by moving the damping magnets, which are adjustably 
mounted relatively to the discs for this purpose. The driving toi-que can, if 
required, be also changed, as each main current coil admits of lateral displace- 
ment, as already explained. 

Thomson Polyphase Induction Meter.— The general arrangement of the 
Thomson polyphase watt-hour meter of the British Thomson-Houston 
Company, Rugby, and the General Electric Company, Schenectady, U.S.A., 
suitable for balanced and unbalanced two-phase or three-phase three-wire 
circuits, will be understood from the illustration of the Switchlx)ard type in Fig. 
209. The revolving disc is driven by two electrical systems, each of which 
consists of a potential coil carried on a laminated iron magnet, and two series 
coils without iron, arranged on either side of the shunt magnet and below the 






Fig. 207. 



disc, the potential coil being above the latter. Each shunt or potential 
coil is in series with an impedance coil. The retarding torque is obtained 
from two magnets, each magnet belonging to its particular electrical system. 
The light load adjustment consists in slightly displacing the potential coils 
above the disc, and is made with the current flowing in one set of main coils 
only, that is, treating the instniment as a single-phase meter, running on 
about ^jf non-inductive load ; both pressure circuits must, however, be 
energised. If the meter nni slow the potential core must be moved 
in a direction opposite to the direction of rotation of the disc by means 
of two screws in the top of the supiK)rt. This operation should be repeated 
for the other motor system to effect a satisfactory adjustment. 

A non-creeping device is used, and is simply a piece of iron wire attached 
to the hub of the disc. The wire stands parallel to the meter shaft and, if 
creeping should occur, is slightly inclined radially away from the shaft. 
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The Westinghouse Polyphase Meter, for both balanced and unbalanced 
loads, consists siraply of two single-phase meters, that is, of two eleetio-niag- 
netic systems acting upon two discs, mounted on a common shaft, each disc 
having its own magnet. The method of connection is on the same principle 
as that used in the ordinary two-wattmeter method of measuring power in 
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a polyphase circuit, the total toi-que exerted on the meter shaft being an 
algebraic sum of the torques on the two discs, as the total power would be 
the sum of the two wattmeters. The common spindle drives a single inte- 
grating train, which registers direct the total energy supplied to the polyphase 
system and at all powder factors. The current capacity marked on the dial 
of the meter is the current in each wire of the polyphase system, and the 
voltage is that across one phase. 

Fig. 210 is a diagrammatic sketch of a polyphjise meter connected to a 
three-phase system for the case in which both current and pressure trans- 
formers are used. For a two-phase circuit the connections are similar^ the 
top connections going to one phase and the bottom connections to the other 
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phase. The full load speed is the same as in the single-phase type, namely, 
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fifty revolutions per minute, and is the rate of rotation of the shaft when 
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the watts on each circuit of the meter are equal to the rated watts, that is, 
to the product of the amperes and volts marked on the dial. 



CHAPTER X. 
Tariff SyBtems. 

General — Flat Bate Systems with and without Discounts — The Manchester System — ^The 
Maximum Demand System—The Step-tariff System— The Halle Tariff System— The 
Two-rate System— The Prepayment System— The Hour Meter System — List of Papers 
on Systems of Charging. 

General. — Great diversity of opinion exists in connection with electricity 
tarification, not only in this country but abroad. Numerous papers on 
systems of charging have appeared within recent years, and a list, by no 
means exhaustive, is appended in the interest of those desirous of further 
information on this important and complex subject, as it is only intended to 
give here in outline a few of the tariff systems in vogue as an introduction 
to the chapters on tariff and prepayment meters. 

The cost of the generation and supply of electricity differs from that 
incident to the production and distribution of most commodities, because it 
cannot, in the present state of the electrical industry, be readily and economi- 
cally stored, but has to be produced as it is required. The capacity of both 
the plant in the station and of the mains must be sufficient to meet the 
maximum possible demand which can be made at any time on the electricity 
undertaking by the various classes of consumers supplied, irrespective of the 
fact that the average load is considerably below this amount. Moreover, the 
supply station must always be in a state of readiness to deliver current when- 
ever a supply is demanded, and whatever its magnitude. The price chargeable 
to a consumer is, therefore, not entirely governed by the quantity of units 
consumed, but depends to a large extent on the rate, the time, and the duration 
of the supply. 

Dr John Hopkinson was the first to explain the principles underlying 
the cost of electricity supply, and to show that it may be divided into two 
classes — 

(1) The cost incurred in preparing to supply (inclusive of the annual 

charges on capital outlay). 

(2) The cost of maintaining the supply. 

These two items of expenditure have been very appropriately termed 
" Preparation and Production Costs," respectively, by Mr Arthur Wright.* 

The preparation costs, which are the heavier of the two, are independent 
of the actual output of the station at any time, whereas the production costs 
vary directly with the amount of electrical energy which is generated. In 
his presidential address to the Junior Engineering Society on 4th November 

* " Some Principles underlying the Profitable Sale of Electricity," Journal of the Institu- 
tion of Electrical Engineers^ 1902, j>art 155, vol. xxxi. 
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1892, Dr Hopkinson formulated the maxim that there should be proportion- 
ality of charge to cost of supply, or, as he stated it, "the charge for a 
service rendered should bear some relation to the cost of rendering it." 

The special tariff systems which have been introduced are all more or 
less based on the Hopkinson doctrine, but differ in the methods by which it 
is carried out in practice. The object aimed at is the ultimate use of electri- 
city throughout the twenty-four hours of the day, whether for motive power, 
illuminating, heating, or other domestic purposes, and the equitable treatment 
of all consumers, irrespective of their demands and their use of the electric 
current, consistent with a profit comparable with that of other undertakings 
having the same risks. 

Some consumers, from the nature and duration of their demand for current, 
are more profitable to the supply station than others, and it is generally 
endeavoured to give them every encouragement. On the other hand, no custom 
can very well be refused, in face of the keen competition with gas and 
hydraulic power companies, and that which exists amongst rival electricity 
undertakings. Electricity supply is as important and essential as a gas or 
water supply. With reference to those consumers who take current for lighting 
only, a large difference exists between the long-hour consumer and the short- 
hour consumer. The cost of supplying electrical energy to the former is less 
than that of supplying the short-hour consumer, on account of the preparation 
costs being so very much heavier in the case of the short-hour cons\imer, as 
he makes excessive demands on the station for relatively very short periods 
only, whereas the long-hour consumer's demand is at a much smaller rate, but 
is steadily maintained over long periods. The long-hour consumer is, therefore, 
a source of greater profit to the supply company than the short-hour user, 
although the latter's actual consumption may be very much greater. In 
addition to the above two classes of lighting consumers, there is the consumer 
who takes current during the day for power, heating, or cooking, or basement 
lighting. A considerably reduced price is made to such a consumer for a day 
supply of current. The total annual output of a station is largely increased 
by such day loads, and, consequently, the average cost per unit during the 
year is considerably diminished, so that a large reduction can be made. This 
large difference between the price for current for power and that for lighting 
is only justifiable on the ground that the demand for power is sufficiently 
large, and does not take place when current is used for illuminating purposes, 
i.e. is not coincident with the lighting peak hours. In winter, and when 
factories and other industrial establishments are working overtime, the demand 
for power and that for light will overlap, and no distinction should then be 
made between the two currents. When the current is used at this time, 
whether for motive power, lighting, or any other class of work whatever, the 
charge should be on the same basis as that obtaining for lighting only. In 
other words, no difference can be drawn between two currents of electricity 
with reference to the nature of the work they perform, but only as regards 
the time of day when they are used in relation to the cost of production. 

Flat Bate*^ Systems, with and without Discounts. — With a flat rate, or 
uniform tariff, one charge per unit is made. The advantage of this method 
of charging is, that it is readily understood by the public, and entails a 
minimum of clerical work in estimating the accoimts. It gives, however, no 
encouragement to the general use of electricity during the day, nor does it 
offer any inducement to the long-hour consumer to continue his custom. 
Flat scales are in use in several small undertakings, but in the majority of 
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the large towns mixed systeniH are eiiiployefl. In many instances discounts 
are given based on the quantity of electricity supplied, independent of the time 
and rate of demand. It is quite impossible, with advantage to the supply 
station, for consumers to be treated eqiiitably on such a basis, as the cost of 
supply depends more on the rate of supply than on the total quantity 
delivered, although it is made up of both these factors. A user who, per 
quarter, six months, or year, takes the same total number of units as another, 
but at a considerably higher rate, makes a much heavier demand on the 
station and uses current for a shorter number of hours. He, therefore, 
costs more to supply, and his share towards defraying the expenses should 
be proportionately large. 

The Manchester System. — This system of charging was introduced 
by Dr John Hopkinson, and consisted in making a fixed charge per quarter, 
proportioned to the greatest rate of supply the consumer would ever take, 
and a charge by meter for the actual miits consumed. According to the 
Electrical Revieic^s list of electricity supply works of the United Kingdom, 
14th July 1905, a mixed maximum demand and sliding scale system is now 
in vogue. 

The MaximnTn Demand System. — The maximum demand system was 
initiated at Brighton by Mr Arthur Wright, and is known as the * Wright * 
maximum demand, or the * Brighton,' system of charging. It is in use in 
many other supply stations, in a large number of which, however, it is not 
used exclusively. The principle of the method is that laid down by Dr 
Hopkinson, and consists in charging the consumer two prices, of which the 
one is dependent on the preparation costs, and the other on the production 
costs incurred by the station in supplying him. The preparation costs vary 
directly with his maximum demand, i.e. with his greatest rate of taking 
electrical energy during any time. For the purpose of ascertaining his 
demand, an instniment ciilled a maximum demand indicator is placed in the 
main circuit with the meter proper, which registers in the ordinary manner 
the total units consumed. Tlie Wright maximum demand indicator and 
other instruments of this class arc described in Chapter XII. The demand 
indicator measures the maxinnuu current taken by the installation. On the 
scale of the instrument, not only is this maximum current given, but the units 
consumed per quarter, or during any other period, are indicated on the 
assumption that the demand has been taken for one hour (or more) per day 
throughout the time chosen. On account of the time-lag, or sluggishness of 
action of these instruments, slight increases of current of very short duration 
or momentary short-circuit currents do not produce abnormal registrations. 

The charge on this system is best expresied in the form of an equation, as 
follows : — 

where C = total amount of bill for the quarter ; 
p^ = price per maximum demand unit ; 
P2 = price per unit for those units in excess of the maximum demand 

units ; 
D = total maximum demand units consumed during the quarter ; 
L = U-D; and 

U = total units consumed in the quarter, as registered by the meter 
proper. 

If K denote the maximum demand hi kilowatts, n the number of hours per 
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day during which the maximum demand is assumed to be used, then, taking a 
quarter of ninety-one days, 

D = 91.n.K. 

The maximum demand E in kilowatts is readily estimated from the maximum 
current A given by the demand indicator. If V be the supply voltage, then 

1000' 

As already mentioned, the demand imits D corresponding to the maximum 
currents A are directly obtainable from the demand indicator. At Brighton 
the charge per maximum demand unit is 8d., the duration of the demand per 
day is taken at one hour, and a low charge of only Id. per unit is made for 
all units consumed in excess of the demand units. Taking a consumption of 
1000 units in a quarter of ninety-one days, and assuming that the maximmn 
demand from the indicator is 6 kilowatts, the amount chargeable to the con- 
sumer is readily calculated. Using the Brighton charges, then 

Pi = 8d. ;^2 = ld..; »=1; U = 1000; K = 6, 
So that D = 91 X 1 X 6 = 546 demand units. 

Also L = 1000 - 546 = 454 low price units. 

Now C = pj) + j^2^» 

C = 8 X 546 4- 1 X 454 pence 
= ^20, Is. lOd. 

The account will amoimt to £20, Is. lOd., or at a rate of 4*8 pence per luiit 
approximately. By giving K different values, the effect of this system of 
charging and the encouragement it gives to the long-hour consumer will be at 
once appreciated. The great advantage of the * Wright ' method of charging, 
when applied to purely lighting circuits, is that it secures equitable treatment 
to all consumers and greatly improves the load factor of the station. When, 
however, the system of supply is for lighting and power, or other day loads, 
a pure maximum demand tariff is no longer applicable, the objection to it 
being that it does not discriminate between day and night loads, and, further, 
it does not take into account the actual duration of the demand. For purely 
lighting loads the first part of this objection no longer holds, as the maximum 
demands on lighting circuits occur very approximately at the same time. 

With reference to the utilisation of electrical energy for power, heating, 
or other domestic work during the day, Mr Wright * suggests the use of a 
Kapp two-rate meter system with a time-switch and a demand indicator, the 
*atter instrument being inserted during the evening peak loads only. This 
combination of the Kapp and Wright systems is in use at Brighton and in 
other towns. A disadvantage urged against the * Wright' method of 
charging is, that the average consumer experiences considerable diflSculty in 
understanding it, and the attitude of the consumer cannot be ignored. This 
objection can, however, be raised, to a more or less extent, against any 
special tariff system which is not of the simple order of a uniform tariff, or a 
sliding scale based on the quantity of units consumed. 

The Step-tariflf System. — A very interesting tariff system is the step- 

* ** Some Principles underlying the Profitable Sale of Electricity," Journal of the Insti- 
tiUion of Electrical Engineers, 1902, part 155, vol. xxxi. 
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tariff introduced by Dr Kallmann, City Electrical Engineer of Berlin, to 
whom the author is indebted for the particulars of the same. The principle 
of the system is that a certain number of units must be consumed before a 
rebate is allowed. So far, it does not diifer from the ordinary uniform tariff 
with discounts, the distinction being, however, that it differentiates between 
the units consumed when the load is high and those when the load is rela- 
tively small. It takes into account not only the time at which the current 
is taken but also the duration of the demand ; and the discount allowed 
depends on two factors — the duration and the degree of the load. For this 
piirpose the consumer's load is divided into regions or steps. Taking a two- 
step-tariff system, the one region embraces the consiunption when the load is 
light, below 33^ per cent, of the maximum possible load of the installation, 
and the second step includes the consiunption due to all loads above this 
value. A watt-hour meter, giving the total units consumed, is used in con- 
junction with a step-tariff instrument, which indicates separately those units 
which are consumed when the load has exceeded 33J per cent, of the maxi- 
mum. When the load falls below this limit the step-tariff instrument 
automatically ceases to register. Such a step-tariff combination is illustrated 
and described in Chapter XII. 

Fig. 211 represents diagrammatically an average load curve of a station 
for the summer months, and Fig. 212 is a diagram of a similar curve for the 
winter months, the abscissee denoting the hours during the day, and the 
ordinates the percentage loads. Each curve, taking, a two-step-tariff system 
with 33^ per cent, full load as the limiting load, is divided into two steps, 
the bottom region, I., in which are the loads below 33J per cent, full load, and 
the top region, II., in which the loads exceed this value ; further, the two 
steps are differently shaded, so that the consumptions in each region < will be 
readily obser\'ed. The method of determining the rebate will be best 
followed from an example. Taking an installation comprising 25-16 c.p. 
lamps at 100 volts pressure, the maximum current, allowing 60 watts per 
lamp, is 15 amperes, and the maximum load is 1*5 kilowatts. The step-tariff 
instrument is regulated to start registering the units at, say, 33J per cent, of 
the maximum load, i.e, with 5 amperes in this example. Suppose that a 
rebate is. allowed of 1 per cent, up to a maximum of 50 per cent, on each 
consumption in both the top and the bottom regions, reckoned on a 20 hours' 
demand in each. This interval of 20 hours' demand will, therefore, correspond 
in the top region to 20 x 1*5 = 30 units, whereas in the bottom region it is 
one-third of this amount, i.e. 20xjxl'5 = 10 units. 

The consumer will, therefore, be given a rebate of 1 per cent, on the 
consumption for eveiy 10 units taken in the bottom region and for every 30 
units in the top region. Taking a total annual consiunption of 900 units as 
given by the watt-hour meter, a price per unit of 7d., and assuming that the 
units consumed in the top portion, as indicated by the step-tariff instrument, 
are 400, then the units consumed in the bottom region will be 500. The 
percentage discount is then (I.) in the bottom region *^^ = 50 per cent., and 
(II.) in the top region it is */^° = 13 per cent, approximately. The cost of the 
total consumption of 900 units at 7d. per unit is X26, 5s. The rebate 
aUowable is in (I.) ^%% x 500 x 7d. =£6, 9s. 2d., and in (II.) j\j\ x 400 x 7d. = 
£1, lOs. 4d., the total rebate being £7, 198. 6d. The amount of the bill is, 
therefore, £26, 5s., less £7, 19s. 6d., i.e. £18, 5s. 6d., and the average 
price per unit works out at 4*87 pence. The duration of the demand in the 
bottom region on this basis is 1 000 hours, and in the top region is 266 hours. 
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The above example shows that a consumer who has used the major part of 
his current consumption at a low rate, and has in this manner kept his load 
steady over a long period, will obtain an equivalent rebate, which, further, 
allows him to occasionally bum all his lamps without unduly increasing the 
cost. An advantage of the system is, therefore, that the price for current for 
the whole consumption is not increased by the fact of the maximum current 
of the installation being reached once or twice, as only those units due to the 
heavy currents are reckoned at the high price per unit. A long-hour consumer 
in the bottom region, despite a relatively small consumption, will obtain his 
current at a low price per unit, and the electricity undertaking will make a 
fair profit, although the percentage discount appears abnormally high, becaiise 
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the actual rebate expressed in £ s, d. is small, owing to the average load (up 
to one-third of the maximum) being small. The rate of discount, the step 
limits (t.tf. 33 J per cent., or 40 per cent., etc.), and the duration of the demand 
(20 hours or more) must, of course, be decided upon by the station to suit the 
requirements of the case. 

The system practically amounts to the same thing as obtaining an 
average load curve of a consumer by means of a recording wattmeter, and 
dividing this load curve into a series of steps, or regions, and arranging the 
rebates on the consumption in each step in a manner analogous to that 
explained in the above example, the rate of discount decreasing as the load 
increases in steps towards the maximum. It may be as well to point out here 
that a difference should be made in the discoimts in the summer and winter 
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months, as otherwise, referring to Fig. 211, the summer consumption would 
almost entirely be in step I., and too large a discount would be obtained. 

The 'Halle' Tariff SyBtem,— In the tariff system devised by A. Jung,* 
Engineer and Manager of the Municipal Electricity Works at Halle, on the 
Saale, Germany, an hour meter is used with a meter proper. The watt-hour 
meter registers in the ordinary manner the total units consumed, whereas the 
hour meter indicates only those hours during which the current is at least half 
of that corresponding to the maximum number of lamps, or horse-power, in 
regular daily use. The tariif is independent of the size of the installation and 
of the actual consumption, thus placing both large and small consumers on 
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the same footing. It is based entirely on the length of time of the consumer's 
use of current during the year. 

In the financial year (April 1 to March 31) a standard price per unit is 
made for those units which are consumed during a certain number of hours 
determined by the hour meter, whereas all other units in excess of this 
amount consumed in the same financial year are charged at a reduced rate. 

The charges at Halle are as follows : — 

1. For lighting^ the price per unit is 60 pfennige (7 2 pence) for all units con- 
siuned during the first 300 hours given by the hour meter, whereas it is 
20 pfennige (2 4 pence) per unit for all units in excess of this^amoimt. 

* The author takes this opportunity of expressing his indebtedness to Mr Jung for the 
details of his interesting tariff system. 
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II. For power y heating^ and other technical puiyoses, tlie price per unit 
during the first 300 hours given by the hour meter is 20 pfennige 
(2*4 pence), and above this the rate is 10 pfennige (1'2 pence). 
In the above, 1 shilling (12 pence) is taken as the equivalent of 1 Mark 
(100 Pfennige). 

It may be of interest to state here that the power tariff applies to electric 
motors driving dynamos for lighting in connection with — 

(a) a battery of accumulators of at least the same output as the dynamo 

during two hours ; 

(b) a power installation of at least the same output as the motor. 

The station supplies either direct current at 220 and 440 volts pressure, or 
three-phase currents at 220, 500, and 3000 volts, and 50 cycles per second. 

In order to show the effect of the tariff for the different classes of 
consumers, especially large and small consumers, the following tables have 
been prepared. For this purpose a few of the consumers connected to the 
station have been taken at random, and their payments given for the financial 
year 1904 on the basis of the meter readings. 

A. Power Consuniers, 



Class of Consumer. 


H.P. 
Connected. 


Annual 
Consumption 
in Kilowatt- 
hours. 

1,339 

3,852 

22,572 


Annual Amount 
Paid. 


Average Annual 

Price per 
Kilowatt-hour. 


Mark. , £ s. d. 


nige. 


Small 

Medium 

Larger 


1 

5 

25 


150 7 10 

426 21 6 

2523 , 126 3 


11-2 
11-0 
11-2 


1-84 
1-32 
1-34 



B. Lighting Consumers, 



Class of Consumer. 


Number of 

Connections 

in 16 c. p. 

Lamps. 


Annual 
Consumption 
in Kilowatt- 
hours. 


Annual Amount 
Paid. 


Average Annual 

Price i)er 
Kilowatt-hour. 





Mark. 


£ 5. d. 


Pfen- 
nige. 


Pence. 


1 


Small 
Medium . 
Larger 


6 

24 
300 


242 
1,118 
7,604 


77-6 

376-0 

2433-0 


3 17 7 

18 16 

121 13 


32-0 
33-7 
32-0 


8-84 
4-04 
3-84 

3'46app. 
3-68 
3-40 app. 


1 2 Small 

.> d Medium . 

£W , larger . 


10 

67 

130 


416-2 
1,141-0 
1,742-0 


119-5 
350-0 
494-0 


5 19 6 
17 10 
24 14 

6 8 3i 
58 19 

159 14 


28-8 
30-7 
28-3 


Hotels 
k Public- 

1 houses. 


Small 
Medium . 
Larger 


6 

32 

165 


584-0 

4,893-8 

13,342-0 


128-3 
1179-0 
3194-0 


22-0 
24-1 
24-0 


2-64 
2-89 
2-88 
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The above tables show very couclusivelj that with this tariff the small 
consumer is equitably treated with the large consumer. Moreover, both for 
light and power, current is supplied from the Halle electricity works, on an 
average, 40 per cent, cheaper than from any other station in (jermany. 

The system has been so successful that, despite the low prices charged, the 
station, in consequence of its rapid growth, obtained in the fourth year of its 
working a gross surplus of more than 9 per cent, of the total capital outlay 
for interest, depreciation, and other charges, after deducting direct working 
costs. The capital expended amounted to 4 J million marks, i.e. X2 12,500, 
and the number of connections in the fourth year was equivalent in round 
figures to 4500 kilowatts. 

In this system the consumer pays the high rate per unit during the 
financial year until the hour met^r has registered 300 hours, when all. units 
afterwards are charged at the low price. 

The hour meter is not set to the capacity of the installation, but in each 
installation the maximum number of lamps, or horse-power, in regular daily 
use is determined, and the hour meter is then set to half this amount. In 
other words, the hour meter is so adjusted that it registers the hours during 
which the current has a value equal to (and naturally in excess of) that 
corresponding to half the maximum munber of lamps, or horse-power, in 
regular daily use. 

Taking a house, for example, in which 60 lamps are installed and in which 
the maximum number in regular daily use is 6, the hour meter is set to 
register with 3 lamps, so that the consumer will reach the hours required 
with 3 lamps in *iise. He can, if he so desire, obtain his current at a 
relatively cheap price by keeping only 3 lamps burning during the 300 
hours. Afterwards, for the remainder of the financial year, he can bum more 
or fewer than the 3 lamps, as he is then no longer bound to any number. 
The consumer lias, therefore, only to watch the hour meter until he has 
reached the 300 hours. As the hour meter is in each case set to half the 
recurring maximum daily used by the consumer, each consumer will obtain 
current at a low price provided his yearly use of current extends for longer 
than the 300 hours. 

If a consumer does not roach the 300 hours during the financial year, he 
has to pay for all the units he consumes during this year at the high ratd. A 
case of this sort rarely, or never, happens, as the 300 hours are reached by all 
the different classes of consumers. For instance, offices take current during 
the year for about 400 hours, shops for about 700 hours, hotels and public- 
houses for about 2000 hours, and private houses for about 1200 hours. Power 
consumers who take current daily for one hour and longer also reach the 
300 hours, as in their case, too, the hour meter is set to half the maximum 
horse-power in regular daily use (not half the maximum installed), and the 
average horse-power is above this amount. The results obtained with this 
tariff are very satisfactory, and it has the advantage of simplicity, and of being 
easily imdcrstood by the average consumer. 

The Two-rate System. — In a two-rate, or double-tariff, system, two 
distinct charges are made, based on the time of day when current is 
taken. During the heavy-load periods on the station in the evening a high 
rate per unit is charged, whereas a low charge per imit is made for the 
units consumed during the rest of the day, irrespective of the use of the 
supply during either period. In order to determine the amounts of the two 
consumptions, a two-rate, or double-tariff, meter is used. It consists, in 
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general, of an ordinary meter fitted with two distinct registering dials, one 
for the high-priced and the other for tlie low-priced units. By means of a 
change-over device attached to the register and actuated by a time switch, 
or double-tariff' clock, the rotations of the meter spindle are transferred to one 
or other of the two integrating mechanisms, according to the time of day as 
set on the clock. The units given on the one dial will be the consumption 
during the low rate, or ordinary rate, periods of the (juarter, and those on the 
second dial will be the consumption at the evening rate, when the station is 
working in the region of the peak. The sum of the two dial readings is the 
total consumption. The tariff time can be varied in a very simple manner 
with the time of year by the station, so that the period of the high evening 
rate is longer in the winter than in the summer. The account is readily 
made out, and it is easily understood by the consumer, who can check his 
consumptions at the two rates from the two separate readings of the meter 
dials. By means of a suitable index, attached to the meter register, he is 
further able to at once see at which tariff he is taking current. This system 
appears to answer very well the present-day requirements peculiar to electricity 
supply. It encourages the general use of electricity and the long-hour 
consumer. It is automatic and reliable, provided suitable two-rate meters be . 
employed, many examples of which will be found described in Chapter XII. 

It may be as well to point out here that there are two classes of double- 
tariff meters. In the one class the time switch is combined with the meter 
proper, forming with it on6 complete instrument, and mechanically operates 
the change-over device of the counting trains. In the other class the time 
switch is supplied as a distinct piece of apparatus, and electrically actuates the 
change-over mechanism of the integrating gears. The only modification of 
the meter proper is, in general, in connection with the register. 

In some two-rate systems the time switch introduces resistance into the 
armature circuit of the meter during the periods of the low or ordinary rate, 
so that the speed of the meter is reduced, and in the ratio of the low to the 
high tariff. During the high-rate time the speed of the meter is the 
normal speed, the resistance being then automatically cut out. For instance, 
if the high rate be 6d. per unit and the low rate be 2d., the speed is 
reduced to one-third of what it would be under normal conditions. The 
product of the units given by the meter and the high-rate charge per unit 
(in this particular case 6d.) will be the amount of the consumer's account. 
The great disadvantage of this method is, that the units registered by the 
meter are not the actual units consumed, so that a record of the actual 
consumption cannot be made. 

The Prepayment System. — In this system of charging the consumer pays 
for his energy before he actually uses it. For this purpose an automatic 
slot meter is used. The object is to reach the class of consumer who is 
either unable or unwilling to run up a quarterly account, but is very profitable 
to the company. The supply undertaking with this system incurs no bad 
debts, the amount of clerical work of the meter department is considerably 
minimised, and the load is usually a steady long-hour one. The price per unit 
is necessarily high, to cover the meter rentals, which cannot be separately 
charged, and which are heavier than for an ordinary meter. The consimicr, 
however, enjoys the benefit of obtaining a commodity on a convenient 
payment system. 

The Horn- Meter System. — In many small installations and in ccrtahi 
circuits the load is constant, or very approximately so, and it is then only 
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necessary to measure the hours of supply to determine the units from the 
known value of the load. It generally happens in such cases that the amount 
of the consumption hardly warrants the installation of a relatively costly 
meter, and an hour meter is then used. The hour meter registers the 
number of hours during which current flows in the circuit, and stops when 
current is not taken. It is a simple and cheap piece of apparatus, consisting 
of a clock which is actuated by the current. It is employed in connection 
with ordinary meters in special tariff systems, in which the discounts, or 
charges, are based on the time during which current is taken, and more 
particularly when that current is in excess of a predetermined amount. The 
hour meter is slightly modified for different purposes, and many combinations 
can be obtained with it. For public lighting work, the price for which is 
generally at a fixed rate per lamp per year, an hour meter may be useful for 
ascertaining the exact number of hours of lighting in each case. 
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CHAPTER XL 

PREPAYMENT METERS. 

General Description — Beaumont Prepayment Meter — British Thomson -Houston Prejiay- 
ment Meter — Vulcan Prepayment Meter — Fort Wayne Pi'epayment Meters — Hookham 
Prepayment Meter — Moixiey-Fricker Prepayment Meter— Reason Prepayment Meter — 
Prepayment Meter of General Electric Co., U.S.A. — Prepayment Meter of the 
Compagnie pour la Fabrication des Compteurs, Paris — Watson Prepa3rment Meter. 

General Description. — A very large field exists for a cheap and reliable 
prepayment electricity meter, and most of the well-known meter mamifacturers 
are at the present time engaged in perfecting their different types, which in 
many cases have not passed beyond the experimental stage. By the aid of 
the prepayment meter a central station can profitably supply current to the 
small consumer whose actual consumption is insuflBcient to cover the cost of 
keeping the account. The consumer's convenience is served by this method 
of charging, and no risk of non-payment is incurred by the supply company. 

A prepayment electricity meter generally consiste of two distinct parts, 
viz. the prepayment device and the meter proper, the two being either 
mechanically or electrically combined. The prepayment or automatic slot 
attaclunent is a mechanical arrangement which, on the insertion of a coin 
of the right denomination, can be actuated in such a manner that a main 
circuit switch is closed, and either a spring controlling a clockwork train of 
wheels is wound up, or some other mechanism is displaced to a predetermined 
extent. The meter proper does not materially differ from the type to which 
it belongs, and, in general, the register is the only part of the meter which is 
modified. When the main circuit switch of the prepayment device has been 
closed on the insertion of the first coin, current can be taken, and the meter, 
if of the motor type, revolves in the usual way, and in so doing allows the 
prepayment device to return to its normal condition. The rate at which this 
is arrived at depends on the current flowing and on the amount of energy 
represented by the value of the coin inserted. When the amount of energy 
corresponding to the coin has been consumed, the main switch of the prepay- 
ment attachment is automatically opened, and no more current can then be 
taken until a further prepayment has been made. In general, several cohis 
can be successively inserted, the number differing in the different types, and 
when this number has been reached a locking arrangement comes into 
action, by means of which a further prepayment cannot bq made until one 
coin's worth of energy has been consumed. 

The important point to be remembered in connection with prepayment 
meters is, that the restoration of the automatic mechanism to its normal 
condition should not cause additional w^ork to be performed by the meter, as, 

^22 
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otherwise, its accuracy and its light load registration will 1^ impaired. Tt is 
not possi1)le to comply with this condition absolutely, but the extra work 
involved by the prepayment attachment should be reduced to a minhuum ; it 
should be invariable in character, i.e. independent of the number of coins 
inserted, and the driving torque of the meter should be correspondingly 
increased. The prepayment attachment should, moreover, not materially 
increase the cost, which at the present is too high, and is the cause of the 
comparatively restricted use of this type of meter. It is highly essential that 
the full amount of energy represented by a coin should be obtained after its 
insertion, that it should not be possible to obtain more than this amount of 
energy for one coin, and that every precaution should be taken to prevent 
damaged coins, pieces of wire, or coins of the wrong denomination to be 
inserted in the slot and actuate the prepayment mechanism. 

The meter should not only show in the usual maimer the units consumed, 
but the number of coins standing to the credit of the consumer, so that he 
can always tell when prepayment has to be made without waiting until 
current is interrupted. It is also valuable for the total number of coins 
inserted to be registered, as this affords a check on the collector. 

Beaumont Prepayment Meter. — The prepayment device invented by Mr 
F. J. Beaumont is a very simple and effective coin-freed mechanism, which 
can be easily attached to any type of motor meter. It embodies many 
important features. A special compound differential gear is used, which 
causes a hollow worm to travel longitudinally along a horizontal axis through 
a predetermined distance when a coin has been inserted in the operating 
mechanism. On the passage of a current this worm is returned to its 
original position by the armature spindle of the meter, when the instrument 
switch is opened. To prevent irregiilai* movements of the coin-freed 
mechanism by any unsteady or sudden action of the handle rotating the coin, 
the mechanism is not directly actuated by the coin itself, but is operated 
on the discharge of the coin into the coin till. 

Distinct from most devices of this type, the change from one price per 
unit to another is readily effected by simply raising or lowering a price 
changer screw, which can be done with the meter in situ. In all other forms 
the meter has to be partially dismantled to allow a new change wheel, or set of 
change wheels, to be introduced to meet the required change in the tariff. 

Before the instrument switch is opened by the action of the meter, a 
* dimming ' resistance is automatically thrown into the main circuit, causing 
the lamps to burn dull, and in this manner an effective warning is given that 
the light will shortly be cut off. This resistance is in circuit just long enough 
to enable a further prepayment to be made, if desired, without an interruption 
of the supply. 

The general arrangement and operation of the prepayment attachment will 
be understood by reference to Figs. 213 to 215, which represent three 
different views of the device in connection with a contiiuious current watt- 
hour meter, and to Fig. 216, which shows more in detail the construction of the 
compound differential gear. The coin C is first inserted in the slot in the 
meter case, from which it falls into the recess in the coin carrier W, and the 
handle H is then turned. This action of the handle rotates the carrier W, 
and causes the coin to describe the circular dotted path shown in Fig. 214, 
in the course of which the coin depresses the toe T of the actuating lever L, 
pivoted at Oj , the other end of which is correspondingly raised. The coin 
next strikes against the stop S and discharges into the coin till Z. The lever 
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L is now free to move, and is returned by the spring Y into its original 
position, in which it rests on the price changer screw E. During the return 
motion of the actuating lever the pawl P attached to it engages with the 
ratchet wheel R, and rotates it through an amount corresponding to the value 
of the coin inserted. The rotation of the ratchet wheel R causes the hollow 
worm U to rotate in the opposite direction and travel along the axis A, in a 




Fig, 213. 



manner to be explained later. This worm U carries at one end two pins P^ 
and P'^, by means of which the switch arm G is actuated and the mercurj^ 
switch opened and closed. 

The switch arm G is pivoted at 0., , and is provided with two projections 
Vj and Vg. The ratchet wheel R is revolved clockwise, as already explained, 
each time a coin is inserted, and the hollow worm U is turned counter-clock- 
wise. When this happens on the insertion of the first coin, the pin P\ 
engages with the projection Vj and tilts the bar G into the position shown in 
Fig. 214, causing the plunger attached to the end M of the switch arm G 
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to enter the mercury cup of, the mercury switch, and the circuit is then 
closed. Under the acticm of the meter the worm U is rotated back, and, 
when it has nearly reached the end of its travel, the pin P^ raises the switch 
arm G, the end N of which forces back the quick-break lever L^ , pivoted at 
Oj , allowing the pin Pg attached to this lever to enter the middle groove. 
The plunger is slightly raised out of the mercury cup by this action, and 
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the dimming resistance D is automatically inserted in the circuit in the 
following manner. The plunger has two contacts, one slightly above the 
other, the two contacts being connected through the dimming resistance D. 
When the plunger is completely immersed in the mercury bath this resistance 
is short-circuited on itself ; when, however, it is slightly raised, the upper 
contact is above the mercury, so that the current now flow^s from the mercury 
through the lower contact to the dimming resistance, from which it passes 
to the lamps, which now bum dull. The switch arm G is held in this 
position, with the" pin P^ of the quick-break lever Lj in the middle groove at 
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N until, as the worm U continues to rotate, it is tilted further by the pin Pi 
now coming into action. In consequence, the pin P2 is made to enter the top 
groove at N, and the circuit is rapidly and completely opened. 




Fio. 216. 

It will be seen that after the coin has been discharged the actuating lever 
L is returned by the spring Y through a certain distance, limited by the 




position of the price-changer £. This distance determines the limit of 
rotation of the ratchet wheel R per coin inserted, and is dependent on the 
price per unit. By raising or lowering the screw E the vertical drop of the 
lever L is altered, and this change is the only one necessary when an 
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alteration in the tariff is made. At the same time as the handle H is 
rotated on the insertion of a coin a shutter is turned, so that a second coin 
cannot be inserted until the slot in the shutter again coincides with that in 
the meter cover after the first coin has been discliarged. When the number 
of coins for which the meter is set has been inserted, the shutter is locked 
in position, and a further prepayment cannot be made until at least one 
coin's worth of energy has been consumed. 

The manner in which the compound differential gear produces the desired 
motion of the worm U will be followed from the drawing in Fig. 216. The 
ratchet wheel R is rotated, as explained above, by the actuating lever L (Fig. 
214), and in turn drives the mitre wheel R, , which together with the other 
wheels Rj , Qj , and Qg forms the compound differential gear. When the wheel 
Rj is rotated it revolves the two idle wheels Q^ and Qg , which will ride over 
the mitre wheel R^. The axles J J of the two wheels Q^ and Qg engage in 
two internal grooves in the hollow worm U, so that it is caused to rotate. 
The worm U will also rotate, but in the opposite direction, when the mitre 
wheel Rg is turned by the action of the meter, its shaft A^ being driven by 
the pinion Wj (Fig. 213), which gears either with the counting train, or meshes 
through an intermediate ♦ gear with the armature spindle of the meter. The 
rotation of the worm U is converted into a longitudinal travel in either 
direction by means of the fixed pin P3 (Fig. 213), which engages with its 
external thread X. 

The slight extra friction the meter has to overcome, due to the prepayment 
attachment, consists in revolving the worm U along the axis A (Fig. 215), and 
in opening the switch when the prepaid energy has been consumed. It will 
be seen that this additional retardation to the meter is constant in character, 
i.e. the friction to be overcome is independent of the number of coins 
inserted. 

The total units consumed are given by the cyclometer counter or ordinary 
register of the meter proper, and the unconsumed units arc indicated by a 
pointer, which is moved over a horizontal scale in cither direction by the 
worm U, and stands at zero when the instrument switch is opened. The 
whole of the prepayment mechanism is self-contained on a bracket B, from 
which it is easily detached after the coupling F has been disconnected. The 
coupling F connects, through a suitable gearing, the prepayment attachment 
with the integrating train or armature spindle of the meter. 

British Thomson-Hotuston Prepayment Meter. — The British Thomson- 
Houston Company, Rugby, use a simple prepayment device in mechanical 
combination with their various types of meters. In Fig. 217 is given a 
front view of their O'K. meter fitted with the prepayment attachment. The 
register is the only part of the meter proper which is modified, and is shown 
in detail in Figs. 218 and 219. A disc D (Fig. 218) is fixed to an axle A, 
supported between the side plates of the registering mechanism. This disc is 
actuated by the insertion of a coin, in a manner to be explained later. It 
carries on its periphery a pinion D| , which gears with the toothed wheels B 
and C. These wheels are loosely mounted on either side of the disc, and the 
one wheel B gears with the last wheel W of the integrating train of the meter. 
The wheel C is provided with ratchet teeth, by means of which it is rotated by 
the pawl Pj (Fig. 219) attached to the actuating lever L, and by means of 
the pawl Pg the wheel C can rotate in one direction only. The lever L is 
pivoted at £ to the side plate of the registering train and is raised by the 
action of the coin. 
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The coin-freed mechanism rotates the disc D through a predetermined 
angle on the insertion of a coin, and simultaneously closes the switch of the 
instrument. It is illustrated in Figs. 220 and 221, of which Fig. 220 is a 
side view, with the coin drum removed for the sake of clearness ; and Fig. 221 

is a second side view, showing only 
so much of the mechanism as is 
necessary to explain the operation 
of the switch by the prepayment de- 
vice. The coin drum is carried on 
the axle M, which is rotated by a 
handle external to the meter case. 
The drum is recessed, and the recess 
in the zero position is below the coin 
slot in the meter case. When a 
coin is inserted in the slot it falls 
into the recess in the drum and 
projects above it, so that on stat- 
ing the handle it engages with the 
lever L (Fig. 219) and raises it, 
causihg the disc C to be rotated. 
As the handle is turned further the 
coin clears the arm L, allowing it 
to return by gravity to its normal 
position against the stop Q. The 
coin then drops into a coin till, and 
on returning the handle to its 
original position the slit in the coin 
drum is ready to receive a further 
coin. The coin drum and handle 
are prevented from being moved 
in the reverse direction, until the 
coin is dropped and the switch set, by means of the ratchet wheel R 
(Fig."220) and the pawl Pg. The axle M also carries a cam N, which, on the 
handle being turned, rocks the U-shaped plate U round 0, at which it is 
pivoted. The switch arm S is also pivoted at and is held normally in the 
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open position by means of a spring. H is a pivoted lever having two arms, 
of which H^ engages with the upper end of the lever L^ , pivoted at 0^ on the 
switch arm. The lever L, is provided with a projection L^ in the path of the 
U-shaped plate U. The other arm Hg of the lever H has a tooth Hj, which in 
the zero position of the disc D (Fig. 219) just clears the notch D' in the 
periphery of this disc. 

If the handle be turned with no coin in the coin drum, the cam N rotates 
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the U-shaped plate U, causing it to engage with the projection Lg. This 
action tilts the lever H, so that the tooth H3 enters the notch D' in the disc 
D and the arm Hj is raised. This allows the lever L^ to turn round its pivot 
at 0| , and the projection Lg moves out of the path of U. On turning the 
handle still more, U only rotates round without actuating the switch S, 
which remains open. If, on the other hand, a coin has been inserted in the 
coin drum, on rotating the handle the coin raises the lever L (Fig. 219), which 
rotates the wheel C, causing the pinion Dj (Fig. 218) to revolve on its axis and 
advance the disc D in the same direction as C through an angle corresponding 
to the value of the coin inserted. The notch D' is in this manner moved clear 
of the tooth Hg , which now rests on the rim of the disc D. In this position the 
lever Lj is prevented from turning round 0^ by the arm Hj , and its projection 
Lg remains in contact with U. The latter now causes the switch arm S to 
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move with it, as shown in Fig. 221. When the switch is closed, it is held in 
the closed position by the pawl P^ , which now engages with a pin on Lj. On 
the passage of current through the meter, the armature rotates and drives 
the integrating train through the worm on its spindle. The wheel B is 
rotated in the opposite direction to Dj , and the wheel C is prevented from 
moving backwards by the pawl Pj , so that the pinion D^ revolves on its axis 
and returns the disc D towards its initial position. When an amount of 
energy has been consumed equivalent in value to the coin, the notch D' comes 
again under Hg. The lever H now moves so that the levers Hj and L^ are 
free, and the pin on L^ is released from the pawl P^. The spring then pulls 
the switch arm S out of the contacts, and the circuit is opened. By inserting 
several coins in succession the angle through which the disc D is turned is 
correspondingly increased, the switch remaining closed after the first coin has 
been dropped in, and coins to the number of ten may be inserted one after 
the other. 
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A feature of the arrangement is that the number of coins inserted does 
not increase the work the meter has to do in consequence of the prepayment 
attachment. The extra friction to be overcome by the meter consiste in the 
pressure of a light arm on the rim of a revolving disc. It is constant in value, 
and can, therefore, be completely taken into account in the calibration of the 
meter. By means of a small pointer, clearly seen in the front view of the 
meter. Fig. 217, and marked K in Fig. 218, the coins standing to the credit 
of the consumer are indicated. The pointer rotates with the disc, and stands 
at the zero of the coin register when the switch is open. 

The Vulcan Prepayment Meter. — In the Vulcan prepayment meter the 
prepayment attachment consists of a clockwork train of wheels driven by a 
mainspring and controlled by a light escapement lever, which forms the 

connecting link between the 
meter proper and the auto- 
matic device. Fig. 222 is a 
view of the instrument with 
the cover and coin till re- 
moved, showing the meter 
proper on the left and the 
prepayment part on the right. 
Beneath the coin slot is a 
shaft which, on the insertion 
of a coin, can be turned by 
a handle, when the mainspring 
of the clockwork is wound up. 
When the coin is inserted 
in the slot C (Fig. 223), it 
falls into a recess in the shaft 
and locks it with a ratchet 
wheel B, which can now be 
rotated through an angle of 
45 degrees by turning the 
handle H. The coin will then 
come under the shaft and will 
fall into the till T. 

The motion of the ratchet 
F^6-222. wheel B is transmitted 

through a differential gear 
(Fig. 224) to the driving shaft A of the clockwork, and thus winds up the 
mainspring R to a prearranged extent. The train of wheels a b (Fig. 225) 
terminates in an escapement, controlled by a slotted lever ^, interlocked with * 
the meter proper by means of a pin h, which is attached to a small disc on the 
ratio-wheel axle of the ordinary register of the meter. The pin works in the 
slot of the escapement lever, the alternate raising and lowering of which 
permit the escapement wheels to revolve. When the first coin is inserted, 
turning the handle not only winds up the spring, but closes the circuit switch 
in the instrument. As soon as current is taken by the user, the meter 
rotates and sets the escapement lever in motion. This allows the mainspring 
to unwind at a rate proportional to the rate at which energy is being consumed. 
The switch remains closed until the spring is unwound, when it immediately 
opens, and no more current can be taken without further prepayment. Suc- 
cessive coins to the number of eight can be inserted at one time, and at each 
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insertion the tension of the mainspring is proportionally increased. When 
the eight pennies have been dropped in, a locking lever is brought into action, 
which closes the slot and locks the handle until one pennyworth of energy 
has been consumed. 

No power is transmitted between the meter proper and the prepayment 
device, and the only extra work performed by the meter consists in raising 
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and lowering the light escapement lever. The rate at which this lever allows 
the spring to unwind varies with the price of the unit of electrical energy. 
By altering the ratio of the clockwork the instrument can be arranged to suit 
any price between threepence and one shilling per unit. The front plate of 
the prepayment part is provided with two sets of dials. The upper set 
consists of three pointers which 
indicate the number of coins which 
have been inserted since the meter 
was installed, and the lower dial 
shows the exact number of coins 
standing to the credit of the con- 
sumer. As the coins are inserted 
the pointer of this dial moves 
forward, and on the passage of a 
current moves back to zero, which 
it reaches when the circuit switch 
opens. The energy consumed is 
given on the ordinary meter dials, 
the reading of which, multiplied 
by the price per unit, should be 

equal to the reading of the coin register. The instrument, which is made 
in three sizes of 2, 3, and 5 amperes, can be used without any alteration on 
either a continuous or alternating current circuit. The coin till is secured 
by a padlock, and can be removed without unsealing the main cover. 

Fort Wajnie Prepayment Meter. — The prepayment meter manufactured 
by the Fort Wayne Electric Works, Fort Wayne, Indiana, U.S.A., consists of 
their induction meter, type W, mechanically combined with a * Wood ' prepay- 
ment attachment. The latter is a clockwork train of wheels terminating in a 
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novel escapement, which ig released by the operation of the meter proper. 
The force driving the train is obtained from a large flat coil spring inside a 
barrel, on the front end of which are the credit figures. The rear end of the 
spring barrel is covered by a disc with an internal and external gear on its 
rim. The external gear is controlled by the escapement, which meshes with 
the integrating train of the meter through a pinion connection. The internal 
gear is driven through an intermediate gear, which is mounted on the spring 
barrel and meshes with a pinion on the stud within the hollow shaft of the 
knob or handle of the instrument. This combination of gears is used to 
render the operations of the knob on the credit indicator and of the escape- 
ment independent of one another. In this manner the device will 
simultaneously and correctly credit and debit if a coin should happen to 




Fig. 286. 

be inserted coincidently with the release of the escapement in the attempt 
to record the consumption of another unit. 

The simultaneous credit and debit would leave the credit figures un- 
changed. In practice this very rarely occurs, as a prepayment is usually 
made when the escapement is locked. The escapement is separately illus- 
trated in Fig. 226. The pinion shaft, which is driven through the pinion gear 
by the integrating train, carries a small cam, which, as it revolves, oscillates 
an eccentric arm that rocks on its elbow. This arm moves a finger backwards 
and forwards across the rim of the release gear wheel in mesh with a damper 
fan. 

The pinion makes one complete revolution during this advance and retreat 
motion of the finger. During the first half of the revolution the finger dis- 
places a catch from a pin set in the rim of the release gear, and during the 
second half of the revolution it is withdrawn from the pin. When the finger 
has nearly approached its outer position the release gear is free to revolve 



PREPAYMENT METERS. 



233 



under the action of the mainspring through a train of three gears, of which 
the middle one is large, and makes a single revolution for each release. A pin 
on the middle gear wheel pushes the catch back into the path of the stop pin 
on the release gear wheel, and so arrests its motion after it has made the 
requisite number of revolutions to allow the spring to turn back the credit 
figures one place. 

The general appearance of the prepayment meter, with the case on, is 
shown in Fig. 227. 

The operation of the mechanism is simple. The coin is inserted in a slot 
in the hollow shaft behind the 
knob in front of the instru- 
ment. It fits in a slot in the 
stud within the shaft, and so 
forms a key. On turning the 
knob the stud will also turn, 
and through its pinion will 
rotate the intermediate gear, 
causing it to roll round on the 
internal gear of the stationary 
double gear disc and to carry 
with it the spring barrel and 
credit figures. This action 
winds i>p the main spring and 
places the coin - to the credit 
of the consumer, as shown by 
the figure through the window 
above the knob. The knob 
once started, on the insertion 
of a coin, cannot be reversed, 
but must be given a half turn, 
when the coin falls through 
the tube into the coin recep- 
tacle. The instrument switch 
is closed on the insertion of 
the first coin and the subse- 
quent operation of the knob. 
When current is taken, the 
intermediate gear is now driven 
by the mainspring in the op- 
posite direction and turns back 
the credit figures as explained. 

The coin used in America is the dime (10 cents), and twenty such coins can 
be inserted in the above manner in succession, so that prepayment can be 
made to the value of $2.00. 

The four-point switch is opened by the last escapement when the energy 
consumption corresponds to the amount prepaid. A change in the tariff only 
affects the size of the small gear connecting the meter registering train with 
the escapement train, so that the meter can be readily adapted to any rate. 

The escapement movement is released once for every rate unit, and the 
meter only moves a very small brass lever about one-eighth of an inch during 
this period. 

In exactly the same manner as above, the Fort Wayne Electric Works 
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adapt their type K induction meter for a prepayment system. An internal 
view of this type, with the prepayment case removed, is given in Fig. 228, 
which clearly shows the type of instrument switch used. 

For those installations requiring a separate prepayment device in positions 
distant from the meter, this company also supply the prepayment mechanism 
and coin box as a separate instrument, in electrical connection with the 
meter proper. The construction is exactly similar to that already explained, with 
the necessary modification of the tripping device. The escapement motion is 
released by a cam, operated by the armature of an electro-magnet within the 





Fig. 228. 



Fig. 229. 



case of the instrument. This electro-magnet takes the place of the pinion 
which is driven by the registering train in the above two types. The device 
is electrically connected to the meter by means of the two main line wires and 
an additional small wire operating the tripping magnet. These connections 
enter the instrument on one side, and those to the load are taken from 
two terminals on the other side. The arrangement will be followed from 
Fig. 229, which is a view of the separate prepayment device, with the cover 
and escapement mechanism removed. By means of a contact device on the 
registering train of the meter, the circuit of the tripping electro-magnet is 
closed each time one coin's worth of energy is passing through the meter. 
When the energy corresponding to the Last coin has been consumed, the 
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switch in the main circuit is opened, together with the auxiliary magnet 
circuit. 

The * Wood ' prepayment device, just explained, is used in an exactly similar 
manner by the General Electric Company of America, either in electrical or 
mechanical combination with their Thomson and high-torque induction watt- 
hour meters. 




Fig. 230. 



The Hookham Prepayment Meter. — The main features of the Hookham 
prepayment meter, as arranged for continuous current, are shown in Fig. 
230. The method of operation is to employ the coin to release a correspond- 
ing check from a reservoir. This check causes a mercury switch to be closed. 
On the passage of a current, the rotation of the meter slowly removes the 
check when the predetermined amount of energy has been consumed and 
opens the circuit. No mor6 current can then flow through the meter until 
a further prepayment has been made. 
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A is the check reservoir, shown partially broken to exhibit the checks, 
which, in the penny slot meter, consist of a number of small phosphor-bronze 
spheres contained in a spiral groove, from which they escape one at a time. 
In the shilling slotter, brass discs arranged in a tube are used instead of 
spheres. A coin is inserted in the slot at B and falls into the receptacle C, 
which is turned by moving the lever D to the left, when the coin, standing 
edgewise in C, first encounters and then lifts the catch E. The handle D can 
now be moved still further, and the coin will fall over the edge of the 
inclined plane F into the drawer on the left. At the same time, due to this 
forward motion of D, a small pusher under the reservoir A causes one check 
to drop into the beam G. It will be seen that, unless a coin has been in- 
serted in the slot, the lever D can only be moved until the receptacle C comes 
into contact with E, when further motion is arrested and a check cannot be 
released. The small inclined plane F is to prevent the release of a check 
until a coin has been discharged into the till, and also to prevent the passage 
of more than one check for each coin. The disc or ball always drops into 
the beam slightly earlier than the coin gravitates into the drawer, so as to 
ensure the release of a check for each coin, but the check is not released until 
the coin has passed over the edge of the inclined plane. The importance of 
the part played by the inclined plane in preventing several checks from being 
obtained for the same coin will be understood from the following consideration. 
If the inclined plane were absent, by very slowly moving the handle forward 
a check could be released from the reservoir without the coin sliding down 
the shoot into the drawer, as the coin is always discharged later than the 
check. The handle could then be returned to its normal position and moved 
forward again, when a second check would drop through, and so on. 

The inclined plane, however, effectually prevents this, as the coin, owing 
to the supposed very slow motion of the handle, will be resting against the 
vertical surface of the inclined plane when the check falls, and the handle 
cannot be returned until the coin has passed into the coin till. 

The beam is pivoted at 0, and carries at its one extremity the plungers 
of a mercury switch, and at its other the counterweight P. The position of 
the counterweight is such that when empty the beam rises out of the mercury 
cups H, but is at once depressed by the weight of one check. The passage 
of the check into the beam, therefore, closes the main circuit through the 
mercury cups. The speed of the meter and the wheel train of the counter 
are so adjusted that one check is released from the beam each time the 
corresponding amount of energy has been delivered. As each check falls 
into the beam it passes over and tilts a small weighted lever I. This lever is 
so arranged that when the beam holds from 6 to 8 discs or 12 balls, more 
cannot issue from the receiver, and at the same time the insertion of more 
than this number of coins is prevented until, under the action of the meter, 
a check has passed from the beam into the drawer on the right-hand side of 
the instrument. The checks are released from the beam by means of an 
escapement worked by the counting train of the meter. In the illustration 
of the instrument (Fig. 230) the latest form of the escapement is not shown ; 
it is separately given in Fig. 231. The release mechanism, as shown in 
Fig. 230, will be understood from the following. One of the wheels of the 
counting train carries a crank-pin, J, which, in rotating, rocks the connecting 
rod and lever K K backwards and forwards. This lever K has attached to it 
a horizontal bar with two small vertical screws L L, forming the escapement. 
The rocking motion raises and lowers first one screw and then the other. 
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which allows the checks to fall one at a time into the drawer. In the im- 
proved release mechanism (Fig. 231), the lever K terminates in an escapement 
V, which controls a star wheel S. The connecting rod and lever K K are 
oscillated by the coimterbalanced crank arm J, which is rotated by the 
integrating train when current is flowing in the circuit. The star wheel S 
is driven by the weight of the checks M in the beam G, and one of its teeth 
is released by the escapement V each 
time the predetermined amount of 
energy has been consumed, so that the 
only extra work the meter has to per- 
form consists in actuating the escape- 
ment. Simultaneously with the 
release of a tooth of the star wheel, 
a check drops from the beam. 

The coin and check drawers are 
secured by vertical spring bolts which 
are depressed by the horizontal bar 
on the top of the case. This bar also 
opens and closes the reservoir cover and a small hole in the case. The hole 
gives access to the screw N, which, in the lowered position, presses the end 
of the beam firmly down upon the mercury cups, effectually sealing them 
against loss of mercury in transit. On fixing the meter this screw must be 
raised to its fullest extent. The counter, a view of which is shown in Fig. 
232, registers in the usual way the amount of energy consumed, and shows 
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Fig. 282. 



on the upper right-hand dial the coins still to the credit of the consumer. 
The two lower dials indicate the number of coins which should be found in 
the drawer of the meter. 

The Mordey-Pricker Prepayment Meter is a modification of the Mordey- 
Fricker ampere-hour meter described on page 50, the winding up of the 
clock of the meter proper being performed on the insertion of a coin and 
turning the handle of the prepayment mechanism. The meter spindle is 
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extended through the box containing the mainspring, and terminates in a 
screw-thread with a nut, which operates the instrument switch and credit 
dial. When a coin is inserted in the slot it forms a key between the handle 
and a toothed wheel which engages with a pinion on the spring barrel shaft. 
To this spring barrel the mainspring is attached at its one end, its other end 







being fixed to the meter spindle. On turning the handle until the coin drops 
into the money box the spring is wound up a definite amount, and the nut is 
turned through one complete revolution and travels through the distance of 
one thread along the meter spindle, which remains stationary during this 
operation. The motion of the nut pushes forward a lever and closes the 
instrument switch, at the same time turning the hand of the credit dial to a 
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figure which indicates the amount prepaid. The same action of the handle 
also turns, through the toothed wheel on the shaft, a small counter, which 
registers the total number of coins inserted and acts as a check on the 
collector. The operation of inserting a coin and winding up the clock can 
be repeated \mtil, in the particular instrument illustrated in Fig. 233,. six 
coins have been prepaid. At each such insertion the mainspring is wound 
up to the same amount, the check counter is moved to the next higher figure, 
and also the credit index, and the nut travels up the meter spindle, pushing 
the lever still further out. When current is taken, the meter spindle revolves 
at a rate dependent upon the strength of the current, and in the same 
direction as that in which the nut was previously turned. The latter thus 
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gradually travels back to its initial position, returning the index on the credit 
dial, which shows at every moment the amount still standing to the credit 
of the consumer, to the zero position, at which the switch is automatically 
opened. Current cannot now be taken unless further prepayment is 
made. 

By means of the check counter and credit dial the meter proper registers 
accurately the units consumed at the pressure of supply. 

The instrument can be constructed for different coins, and by a change 
wheel in the gearing can be adapted to supply at any price per unit. 

The Beason Prepayment Meter. — The prepayment attachment used by 
the Reason Manufacturing Company, Ltd., Brighton, in their prepayment 
mercury motor meter, will be understood by reference to Figs. 234 and 235. 

The coin is inserted thi*ough a slot in the meter case and slides down a 
shoot A into the coin receiver B. This receiver forms the one end of 
a counterweighted coin lever C, which is pivoted at c. When the coin 
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gravitates into B, the lever is tilted through a certain distance and the coin 
then drops into the money box. This movement of the coin lever actuates 
a mercury switch, a credit dial, and a check coimter. As soon as the coin 
leaves the receiver B, the counterweight returns the lever C to its original 
position. The mercury switch consists of the mercury cups F and the 
co&tact bridges E^ , the latter attached to the one end of a contact lever E, 
pivoted at e, and furnished at its other end with a counterweight. When the 
mercury switch is open, the contact lever E rests against the arm D, carried by 
the lever C. The switch is closed on the coin lever C being depressed by the 
coin, when the contact lever E is drawn down by D, and the contacts made 
to dip into the mercury in the cups. The lever E is then locked in position 
by its pin G engaging with the locking arm H. 

The star wheel K is moved forward one tooth for each depression of the 
lever C by means of the pin J^ on the pawl J, attached to the arm I, which 
in turn is carried on the coin lever. This star wheel is fixed on the sleeve of 
one wheel L of a differential gear, of which the other wheel M gears with 




the integrating train of the meter. Both M and L rotate freely on the 
spindle Mj , to which the differential pinion N and the switch ing-off arm 
are fixed. When the star wheel K is turned by the coin lever, the wheel 
L drives the pinion N and the pin forward through a proportional 
distance, and the star wheel K is retained in position after each forward 
movement by means of the spring P. 

On the passage of a current, after the insertion of the first coin closes the 
circuit, the meter train rotates through the differential wheel M the differential 
pinion N and the pin in the reverse direction, at a rate proportional to the 
current and to the price per unit for which the meter has been adjusted. 
This condition obtains until the energy consumed corresponds to the amount 
prepaid, when the pin forces back the stop-piece H. The contact lever is 
then released and springs back against the arm D of the coin lever, and the 
circuit is opened. A further prepayment must then be mad§ before current 
can be taken. The spindle M^ also carries an index, which shows on the credit 
dial the coins standing to the consumer's credit, and which is brought back 
to zero when the meter proper is working. The total number of coins 
paid into the meter is also registered on a small counter, which is moved 
each time the coin lever is depressed. 

It will be noticed that the device operates directly on the insertion of a 
coin without the use of a handle. The attachment may be made for any 
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coins except small ones, such as a sixpenny-piece. The general construction 
of the prepayment meter, with the cover removed, is given in Fig. 236. 

General Electric Company's Prepayment Meter. — In addition to the 
* Wood * prepayment attachment, described on page 231, the General 
Electric Company, Schenectady, U.S.A., use their Thomson meter, somewhat 
modified, in combination with a separate prepayment device. The two 
instruments are mechanically independent of one another, but are electrically 
connected. 

The meter differs from the standard type in the construction and arrange- 
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ment of the registering train and a few minor details, so that an ordinary 
Thomson meter without the special register cannot be used for the prepay- 
ment system. The register of the meter is fitted with a commutator which 
momentarily closes the circuit of an electro-magnet in the prepayment 
mechanism. Fig. 237 is a diagrammatic representation of the connections 
of a two-wire watt-hour meter with the prepayment device, showing the 
commutator, the electro-magnet, and the double-pole circiyt switch. In the 
prepayment instrument a registering wheel is used, which is very clearly 
shown in the interior view of the prepayment device given in Fig. 238. The 
insertion of a coin in the slot locks the spindle of the handle and the shaft 
carrying the switch and registering wheel, which is rotated forward against a 
spring through one notch. If the circuit be open when a coin is deposited, 
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the same motion of the handle closes the circuit switch. A portion of the 
registering wheel is visible through the glass window in the cover, and plain 
numerals on its face indicate the number of coins still remaining to the credit 
of the consumer. He is thus able to ascertain at any time how much energy 
he can obtain before having to insert more coins. When the first coin has 
been deposited and the handle moved, the main switch is closed and the 
numeral * 1 ' comes into view. The insertion of a second coin, before the 
current purchased with the first one has been consumed, allows of a second 
motion of the registering wheel, and this will bring the figure * 2 ' in front 
of the window. 

Twenty coins can in this manner be deposited, after which the slot is auto- 
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matically closed, as the handle cannot be turned back to its original position, 
and further prepayment cannot be made until the energy corresponding to 
the value of one or more coins has been consumed. 

Whenever the energy value of one coin has passed through the meter, 
the commutator on the meter register momentarily closes the circuit of the 
electro-magnet. The armature of the latter is attracted forward and a catch 
is released so that the registering wheel unwinds by the amount of a single 
tooth, when motion is again arrested. When a further equal amount of 
energy has been taken, the operation is repeated. This process continues 
until all the energy for which prepayment has been made has been delivered, 
when the registering wheel moves back to the first notch and opens the 
switch. No more current can now pass until another coin has been deposited. 

As already pointed out, the prepayment mechanism only shows the number 
of coins which stand to the credit of the depositor, but the dial of the meter 
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always indicates the amount of energy delivered, and thus serves to check the 
number of coins in the coin receptacle. This latter is made detachable and 
can be separately sealed, so that the collector only has to remove it and 
replace it .with an empty one. 

The prepayment device is manufactured in one standard size, designed for 
the deposit of dimes, which represent the most commonly used coin in 
America, so that prepayment can be made for $2.00 worth of electrical energy 
at one time. The selection of the commonest coin as the unit of the pre- 
payment system is important, as it avoids inconvenience to a customer when 
a deposit is necessary. 

The Prepayment Meter of the Gompagoie pour la Fabrication des 
Gompteurs, Paris. — A similar 
method is used by this company 
and by the Danubia Actiengesell- 
schaft, Vienna. An illustration 
of the former company's prepay- 
ment meter is given in Fig. 239. 
The meter proper is electrically 
connected to a separate auto- 
matic instrument, and in the 
case illustrated the meter is their 
0*K. type. The coin is inserted 
in the slot at D, and the handle 
M turned from left to right as 
far as it will go, when it is 
brought back to its initial posi- 
tion. This action closes the cir- 
cuit switch in the prepayment 
instrument, and a quantity of 
electrical energy can be taken 
corresponding to the value of 
the coin. When this amount of 
energy has been delivered, a 
contact controlled by the train 
of wheels of the meter counter 
completes the circuit of an 
electro-magnet in the automatic 
instrument ; the electro-magnet 
becomes momentarily energised 

and by means of its armature opens the circuit switch. Current is thus 
cut off until a further prepayment has been made. Ten coins can be 
successively inserted in the manner described, when further prepayment is 
automatically prevented until an amount of energy corresponding to one 
coin has been consumed. It will be seen that the only modification intro- 
duced into the meter proper is in connection with the registering mechanism, 
the dials of which give direct, in the usual manner, the units delivered. 

A small dial, visible through a window behind the handle M of the prepay- 
ment mechanism, shows the number of coins standing to the credit of the con- 
sumer. The hand on this dial is gradually brought back to zero during the 
passage of a current, and reaches the zero position when the instrument switch 
is opened. 

The Watson Prepayment Meter, manufactured by the Rochdale Electric 
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Company, Limited, Rochdale, 'differs in many details from the prepayment 
meters which have, so far, been described. These, it will be remembered, con- 
sist of two distinct parts, namely, the prepayment mechanism and an 




electricity meter proper, the latter being suitable for either continuous or 
alternating currents, or both. The two parts are either mechanically com- 
bined and mounted in one case, or they are simply electrically connected and 
are then used as two instruments. The meter itself does not differ hi its main 
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features from the type to which it belongs, the only modification generally 
introduced into it being in connection with the registering train. 

In this case, however, the meter is a specially designed prepayment meter 
for use in supplying current to small consumers, and the electrical portion by 
itself cannot function as an electricity meter. 

Fig. 240 is a view of the Watson slot meter, with the cover open. It com- 
prises two trains of wheels, one of which is the registering train and the other 
oscillates a special zigzag lever. The motion of this lever sets free and 
regulates the escapement of the recording train, and is, in turn, controlled by 
an electrical governor, which limits the extent of its swing according to the 
strength of the current flowing. The governor consists of a finger attached 
to the soft iron armature of a solenoid, which is connected in series with the 
main circuit through the switch in the meter. The more lamps there are in 
circuit, the more strongly will the armature of the governor be drawn into the 
solenoid, and the greater will be the amplitude of the swing of the oscillating 
lever, and, in consequence, the more 
quickly will the registering train be 
driven. 

The parts of the instrument are 
shown diagrammatically in Fig. 241. 
When a coin is inserted in the slot 
and has been turned round until it 
drops through, it comes into contact 
with a bell-crank lever A and removes 
the toe of the lever from its posi- 
tion in contact with a cam on the 
cam shaft B, which is now free to 
be turned. The knob C on the shaft 
is then turned through one complete 
revolution in the direction of the 
hands of a clock, as indicated by the 
arrow on it, when it is locked. This 
action closes the switch at DD, and 
brings an adjustable sector E, on the 
cam shaft, into contact with a disc 
F. This disc is turned round, and moves with it the pointer or indicator M, 
over the face dial W, to a numeral indicating the number of lamp-hours 
corresponding to one penny. At the same time the cam causes the bell-crank 
lever A to move forward, allowing the coin to drop into the till. In the dia- 
gram, a penny is clearly shown in the position ready to fall into the coin 

receptacle. mi • • 

The meter will now work on the passage of a current. This operation may 
be repeated until the maximum number of lamp- hours on the dial is indicated. 
The maximum so reached cannot be exceeded, as, on any further attempt to 
turn the knob, the sector E will revolve in an annular space on the disc F at 
this point. In this manner the mechanism is safeguarded against injury and 
cannot be locked. H is the zigzag lever which frees the escapement G of the 
recording train through the escapement lever L. The lower end of H is 
notched, and near its upper end it has a series of zigzag grooves, correspond- 
ing in number to these notches. In the zigzag grooves a small pin K works, 
and, when the oscillating lever H is swinging, rocks the escapement lever L to 
and fro, to which it is connected. The escapement lever L engages with the 
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escapement wheel G of the recording train, and thus works the pointer M back 
to zero. 

It is so arranged that one tooth of the escapement wheel is released for 
each zigzag. 
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Tlie oscillating motion of H is obtained from the pendulum clock through 
the pin O, which engages with the cam N, mounted on a continuously revolv- 
ing shaft. P is the governing lever attached to the aimature R of the solenoid 
S. The steps from to 6, at tlie bottom of the lever H, are so arranged that, 
when the tip of this governor engages with these steps, the escapement G is 
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free to move 1, 2, 3, up to 6 teeth, according to the position of the governor 
tip. This position depends upon the extent of the attraction of the armature 
R into the coil S, and, therefore, on the number of lamps in circuit. 

When no current is flowing, the lever H is held out of reach of the cam N 
by the governing lever, and consequently does not move. Although the 
pendulum bob T continues to swing, no movement of the pointer M on the 
face dial W can take place. 

During the operation of the meter the indicator is gradually being brought 
back to the zero position ; the moment it returns to zero, the circuit switch D 
is opened by the pin Z on the dial hand shaft, coming into contact with and 
forcing away the lever with the catch Y. No current can then be taken until 
further prepayment is made. 

The face dial W, in the front of the meter, reads in lamp-hours, and 
indicates at every movement the number o{ lamp-hours which stand to the 
credit of the consumer. A check dial X is fixed on the main wheel of the 
recording train, and can be read through a hole in the front dial. It shows 
the number of lamp-hours consumed, and forms a check on the collector. 

The coins found in the till multiplied by the lamp-hours per coin should 
equal the sum of the check and face dials, less the previous readings. In the 
event of the rate of charge per unit being altered, the number of lamp-hours 
per coin can be increased or decreased without displacing the meter from its 
position by increasing or decreasing the arc of contact of the adjustable sector 
E with the disc V. 

The meter is calibrated by cutting the notches in the oscillating lever jfo 
correspond with the movement of the armature, which is centred in jewels. 

At V will be seen the coin trap used, which effectually prevents the 
insertion of a suspended coin, wire, or a coin of abnormal proportions. 



CHAPTER XII 

TARIFF AND HOUB METERS. 

Definition of Maximum Demand Indicator — Aron Maximum Demand Indicator— Atkinson- 
Schattner Maximum Demand Indicator — Fricker Maximum Demand Indicator — 
Maximum Demand Indicators of the Reason Mfs. Co., Brighton — General Description 
of Two-rate Meters— Deutsch-Russische Tariff Meters— Electrical Company's Two-rate 
Meters— Hookham Two-rate Meter — Siemens-Schuckert Double-tariff Meters— Aron 
Two-rate Meter — Two-rate Metera of the Compagnie pour la Fabrication des Compteurs, 
Paris— Double- tariff Instrument of the Luxsche Industriewerke— Hour Meters. 

Definition of MaTimnm Demand Indicator. — In the present chapter, de- 
scriptions are included of some representative types of maximum demand 
indicators, double-tariff or two-rate meters and hour meters. The principles 
involved have already been discussed in Chapter X. 

A maximum demand indicator is an instrument which registers the 
maximum current taken in an installation during a given period, and its scale 
shows, at the particular supply pressure, the number of units, corresponding 
to each maximum current so taken, that must be consumed during stated 
periods before a reduction is made in the price per unit. Maximum demand 
indicators are based on either the thermal or electro-magnetic effect of a 
current, and on the principle of intermittent integration. A demand instru- 
ment should only register the excess current when that current has been 
flowing for an interval exceeding the time lag of the instrument, which should 
be large and depend on the nature of the installation, that is, whether the 
indicator is connected to a purely lighting circuit or is operating on a load 
comprised of motors. Increments of current of short duration, as, for 
instance, switching on a few extra lamps for a few minutes, or temporary 
short-circuits, should not cause an increase in its registration. 

If a steady current of A amperes be flowing in a circuit, the indicator will, 
of course, show A amperes, but if the current be increased to A -h B amperes, 
and the increment, B amperes, only lasts a few minutes, then the indicator 
should not record more than the original current. 

The Aron Maximum Demand Indicator. — By means of an ingenious and 
slight addition to the ordinary Aron meter, it is made to function both as a 
meter proper and as a maximum demand indicator. The same instrument 
will, therefore, not only register the units consumed in the usual manner, but 
will also give the maximum energy taken during a given time interval, and, 
consequently, the units that must be consumed during that interval before a 
rebate is made. 

It will be remembered that the differential clock of the Aron meter is 
driven by means of a small motor, and that the oscillation differences of the 
two pendulums, produced when current is taken by the installation, are 
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integrated by the clock and given on the dial, the indications of which 
represent the energy consumed over any desired period. The power of the 
driving motor thus available is utilised to drive an additional train of wheels, 
by means of which a pointer is intermittently brought into gear with, and is, 
in turn, actuated by, the integrating train of the meter. The position of the 
maximum demand pointer on its dial is determined by the angle through 
which the first wheel of the counter has turned in a given time. Fig. 242 is 
a front view of the instrument, showing 
very clearly the maximum demand dial 
above the springing integrating counter. 
The maximum demand pointer is loosely 
mounted on its spindle, which, at the 
back of the dial, carries a toothed 
wheel. This wheel engages with the 
pointer by means of a pin attaclied 
to the latter, and is driven from the 
integrating train. 

The commutator axle of the meter 
drives through a toothed wheel an inter- 
mediate set of wheels, which actuate a 
pivoted lever, on which is mounted 
another small wheel, which forms the 
connecting link between the integrating 
train of the meter and the toothed 
wheel on tlie pointer spindle. This 
small connecting wheel is thrown into 
gear once every twenty minutes, but 
only remains in gear for half this 
interval. This period of twenty 
minutes can, however, be increased or 
decreased to any extent. The integrat- 
ing train and the demand indicator are 
thus in gear during a definite time, 
and when the former is actuated, on the 
passage of a current in the main coils 
of the meter, the pointer on the maxi- 
mum demand dial will be moved dur- 
ing this time at a rate dependent on 
the energy consumed. The position at 
which it ultimately arrives at the end 
of the period will be a measure of the 
maximum demand in units. 

At the termination of this time the small connecting wheel above referred 
to is thrown out of gear. The pointer will now remain stationary, and a light 
hairspring, which is wound up on the driven wheel of the pointer axle as this 
wheel rotates, unwinds and quickly returns the wheel to its zero position, 
leaving the pointer behind. This wheel will be again driven as already 
explained. Before, however, it can move the demand pointer, it must travel 
round until it again engages with the pin of the same. This will only happen 
provided that the demand during the new period is in excess of the former 
one, when the pointer will move further round and indicate the new 
maximum. To re-set the demand dial, it is only necessary to turn the pointer 
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back to the zero position. In addition to the advantage of one instrument 
giving both the actual units consumed and the maximum demand, however 
small, the law of the meter being a straight line law, the demand mechanism, 
as it is driven by the meter, is strictly proportional throughout the range of 
the latter. 

The Atkinson-Schattner Maximuin Demand Indicator, the latest type of 
which is illustrated in Fig. 243, works on the electro-magnetic principle. It 
is simply a gravity control ammeter of the solenoid type with a soft iron core, 
and is provided with a special time-lag registering device. The solenoid is 
bent into an arc of a circle and is fixed in the case on the left-hand side. The 
circular core is composed of thin iron sheets, increasing in number by gradual 
steps within the solenoid. 

These iron plates are insulated from one another with a coating of varnish 
to prevent eddy current loss when used on an alternating current circuit, and 




Fig. 248. 

the section of the armature core is graduated to obtain as uniform a pull as 
possible. The core is carried on the lower arm of a light aluminium frame, 
pivoted at the centre, and shaped in the form of a sector above the horizontal 
axis, round which it can swing. The top portion of the fmme supports the 
registering device. This consists of an hermetically sealed glass tube affixed 
to an aluminium scale. The form of the tube is readily seen in the illustra- 
tion ; the tube itself is tilled with a viscous fluid, and contains a number of 
steel balls in the circular portion. The curved part of the scale is graduated 
to read in amperes, and the current passing is indicated at any moment by 
the division of the scale below the pointer fixed in the top of the case. The 
scale has marked on it three vertical columns of figures, in the second of 
which the figures denote the amperes, con-esponding to the number of balls 
given in the first column, which have passed round the bend of the tube 
into the radial limb, and the third column gives the units which have to be 
consumed during the quarter, at the supply voltage and maximum current, 
before any rebate is made. 
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The action of the instrument is readily followed. On the passage of a 
current through the solenoid the armature is attracted into it, and the whole 
frame is tilted round the horizontal pivot. The highest part of the circular 
portion of the tube is moved downwards to the right, and any ball beyond 
this point slowly slides down the tube until it passes the bend, and collects 
in the radial leg. The speed of travel of the ball is limited by the viscosity 
of the liquid (oil or glycerine) used. The number of balls in the lower limb 
depends upon the angular deflection of the whole frame, and, consequently, 
upon the current in the main circuit. 

The duration of the current must, of course, be sufficiently long to enable 
the ball or balls to slide past the bend. Temporary short-circuits and 
vibration will not affect the instrument, and, due to its sluggishness of action, 
it will not register increases of current lasting only for a short interval of 
time. 

To prevent loss of time in re-setting the tube, a duplicate scale, with a 
second tube fitted to it, is provided. When the reading has been taken and the 
indicator is to be re-set, the tube is detached from the frame by means of its 
scale, and is replaced by the second set. The one previously in use is then 
hung up on the pivots in the meter cover in the manner shown (Fig. 243), 





Fig. 244. 

so that the balls return to the starting position ready for use. The scale is 
fixed to the aluminium frame by a hook at the top and a slotted pin at the 
bottom, to which it is locked by a small lever. 

The Fricker MaTiTniim Demand Indicator depends on the thermal effect 
of a current. The registration of the maximum demand is effected by means 
of a simple differential air thermometer, illustrated separately in Fig. 244. 
It consists of a tube of uniform bore, terminating in two hermetically sealed 
bulbs, of which the horizontal one A is cylindrical, and is the bulb to which 
heat is applied, and the other B is vertical and spherical in shape. At the 
end B the bore of the tube is closed by means of a globule of mercury, which 
acts as a valve ; and to keep the surface of the mercury clean, hydrogen is 
used as the thermometric substance. 

When a difference of temperature is established between the two bulbs, 
produced by a current flowing in the heating coil with which the bulb A is 
surrounded in the instrument, the enclosed hydrogen gas expands and escapes 
past the mercury valve uito the vertical bulb B. After cooling has taken 
place, the gas contracts and draws the mercury thread along the tube from B 
towards A by an amoimt corresponding to the exact transference of gas from 
the heated bulb during the passage of the current. When the instrument is 
cold, i.e, no difference in temperature exists between the two bulbs, either 
on the discontinuance of the current, or when the tube has been removed 
from the instrument and cooled, the idtimate position to which the mercury 
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then travels in the bore is an exact measure of the maximum current taken, 
as shown on the scale attached to the tube. 

A standard 10-ampere instrument is shown in Fig. 245, with the case open. 
The thermometer proper is mounted in a cast-iron longitudinal box, with the 
cylindrical bulb embraced by the heating coil, which is attached by flexible 
copper strips to the two terminals of the instrument, which must be fixed in a 
horizontal position. A small spring plunger with an insulating wedge serves, 
on opening the cover, to press these two copper strips slightly apart, to 
facilitate the removal of the thermometer for reading and re-setting the same. 
The action of closing the lid releases the plunger and causes the heating coil 
to firmly embrace and hold the cylindrical bulb of the tube. The plunger at 
the same time becomes clamped, and cannot be moved unless the case is 
opened. A small cooling chamber is fitted to one end of the box, and consists 
of a cylindrical vessel surrounded with a water-jacket, its function being to 
rapidly cool the thermometer when a reading is required. The bulb is placed 
in the cylinder, and after a minute the cooling of the thermometer is complete, 
when the mercury index remains stationary in the tube at a point cor- 
responding to the maximum current taken. The operation of re-setting the 
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tube is very quickly performed. It is held in a vertical position, with the 
cylindrical bulb pointing upwards, and, on slightly tapping the tube, the 
mercury index will descend into the spherical bulb, and the valve will close 
the bore of the tube when it has been replaced in its horizontal position in 
the case. The instrument is then again ready for further use. 

The consumer can read the maximum demand recorded at any time when 
the instrument is cold before switching on current, and can also easily 
ascertain the state of his present demand, t.e. whether he is within his 
previous maximum, by examining the tube through the window on the 
cover. If the mercury index be visible at all, the current flowing will be 
below this maximum ; if, however, it be not visible in any part of the tube, 
then the previous demand has been reached, and possibly exceeded. 

It follows, naturally, from the thermal sluggishness of the principle 
involved, that increases in the current strength of short duration will not 
produce abnormal registrations, as a current slightly in excess of a former one 
requires the full time to heat up the instrument. The time lag of the 
indicator can also be suitably increased, by increasing its capacity for heat, 
to apply it to the registration of the maximum currents taken with motor 
loads. 

The Reason Company's Mi^TinniTn Demand Indicators. — The maximiuu 
demand indicator, invented by Mr Arthur Wright, and made by the Reason 
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MaDufacturing Co., Ltd., Brighton, is in principle a differential recording 
thermometer which registers the thermal effect of a current. 

A view of the demand indicator, with the case removed, is given in Fig. 
246, and is the standard type for capacities of 2 J to 35 amperes. It consists 
of two hermetically sealed bnlbs, of approximately the same size, united 
together by a U-tube, filled with a solution of strong sulphuric acid. Attached 
to the right-hand limb of the U-tube is a third tube, to which the scales are 

fixed. The liquid employed as the thermometric 
substance is chosen on account of its hygroscopic 
character, in order to keep the air in the bulbs 
free from aqueous vapour. The left-hand bulb 
is wound with a heating coil, which is traversed 
by the current taken by the installation. The 
heat so generated by the current in the coil 
gradually causes the air to expand and to 
depress the liquid column in the left-hand limb 
of the U-tube, so that it rises in the other 
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limb and slowly overflows into the reading tube. The height to which 
the liquid finally rises in this tube indicates the maximum value of the 
current which has passed through the coil, and is independent of the nature 
of the current, so that the instrument works equally well on an alternating or 
direct current circuit. The tubes are very carefully annealed, to free the 
parts from internal stress and eliminate the possibility of secular charges. 
They are, in addition, constructed with a number of traps in each limb, as 
illustrated in Fig. 247, which represents one of the latest makes of tube. C 
and D are the two air bulbs, the middle tube is the reading tube in which the 
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overflow collects, and the traps are shown at F, H, and K. The object of 
these traps is to prevent any transference of air from one bulb to the other 
during transit, or when the instrument is re-set while hot, and during the 
pajssage of a current. The tubes are carried on a board, which can be tilted 
about the hinged terminals, so as to allow the liquid to flow completely out 
of the reading tube into the right-hand bulb when the instrument is to be 
re-set to zero. 

The two scales provided with the instrument indicate on the one the 
maximum current used in amperes, and on the other the units which have to 
be consumed in a given period before the reduced charge is made; these 
latter figures are set opposite the corresponding number of amperes. In 
those cases in which the duration of the high tariff does not remain constant 

during the year, as when the high rate is 
charged for a greater number of hours 
per month in the winter than in the 
summer, the instrument has a separate 
winter and summer scale of units, either 
of which is used at the proper sciison. 

The scale of the instrument is long, 
and open in the working range between 
full load and one-fifth load. The cali- 
bration does not extend below this point, 
as the scale contracts, with a correspond- 
ing diminution of sensitiveness, when this 
value has been reached. 

The error due to temperature varia- 
tions of the surrounding air is almost 
negligible, except below one-fifth load and 
under abnormal conditions, as both bulbs 
are subjected in the same degree to 
these atmospheric changes ; moreover, the 
measurements of the instrument depend 
only on the difference in temperature 
between the two bulbs. 

The natural sluggishness of the instru- 
ment, which depends on the specific 
heat of the coil, the glass bulb, and the 
enclosed air, is increased by placing a 
cylinder of iron in a pocket in the heating bulb, to adapt the indicator for use 
on arc-lamp and motor loads. The extra capacity for heat of the iron causes 
the indicator to record as slowly as may be required. 

From the thermal principle involved in the instrument, it follows that 
when the passage of a current has been stopped, the instnmient gets quite 
cold, and a subsequent current requires the full time to heat the parts and to 
produce a steady temperature. The danger is then eliminated of a current a 
little higher than a previous one, but of short duration, causing the abnormal 
registration. 

For heavy continuous-current work, the indicator is supplied with a shunt, 
as illustrated in Fig. 248. 

For measuring the maximum demand of a three- wire installation, a special 
arrangement, due to Mr J. R. Dick, is used. The instrument is then fitted 
with two equal resistances of very low value, to the common junction of which 
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is connected the neutral wire of the system, and the heating coil of the 
indicator is joined across the ends of the two resistances in series, as shown 
diagrammatically in Fig. 249. 

It follows, very simply, that the current in the indicator will always be pro- 
portional to the sura of the currents in the outer mains. 

Referring to the diagram (Fig. 249), C^ and Cg denote respectively the 
currents in the outer conductors, and A is the current in the heating coil of 



e 
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Fig. 249. 



the indicator ; Cg and C^ are respectively the currents in the two equal re- 
sistances R R, and r is the resistance of the indicator strip. 



Then 


Ar = C3R + C4R. 


And 


Ci=C8 + A. 




C2 = C44 A. 


/. 


Ar = R(Ci + C2-2A) 


i.e. 


A--i.(c.+c,). 
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That is, the current in the indicator is always proportional to the sum of the 
positive and negative currents, and one instrument can be used, with gain 
both in accuracy and economy. 

The Reason Manufacturing Company have recently introduced two new 
types of demand indicators, one based on the electro-magnetic principle, and 
the other devised by Mr C. H. Merz, for supply-in -bulk schemes, and based 
on the principle of intermittent integration. The latter apparatus is an 
additional attachment to an ordinary ampere-hour or watt-hour motor meter, 
and consists of a pointer driven by the meter train, a maximum demand dial, 
and a clock which periodically re-sets the driving mechanism to zero. The 
first wheel of this driving mechanism is in mesh with the ordinary meter 

train, and rotates a spindle by 
means of a ratio wheel through 
a given angle in the period 
which elapses between the 
moments when the mechanism 
is re-set to zero. The ratio 
wheel is such that it nearly 
gives a complete revolution of 
the demand pointer, with the 
full load current flowing for 
one hour. The pointer is held 
in its maximum position by a 
small pawl, which prevents its 
being returned to the zero 
position by the automatic re- 
setting of the mechanism. At 
the end of each month the 
meter reader returns the 
pointer to its zero stop after 
releasing the pawl. On a 
fluctuating load the dial re- 
cords the maximum consump- 
tion per hour during the time 
the meter is in circuit, and, 
whatever the instantaneous 
load, only the maximum aver- 
aged over one hour is regis- 
tered. 

The electro-magnetic demand indicatx)r made by this company is illustrated 
in Fig. 250. It consists of a solenoid, through which the main current 
passes, and into which a plunger is attracted. A glass vessel containing a 
liquid forms the registering part of the instrument, and is tilted by the motion 
of the plunger. When this happens the liquid gradually flows through the 
constricted portion of the U-tube, and collects in the vertical reading tube to 
which the scales are affixed. By suitably altering the constricted part of the 
U-tube, the sluggishness of registration of the instrument can be varied, so 
that a full reading is not obtained until the current has been on for the 
desired interval. 

The period for complete registration can, in fact, be adjusted between the 
limits of five minutes to three hours. A small quantity of liquid at the 
bottom of the reading tube serves to mark the zero reading when no current 
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is passing. The height of the liquid in the vessel is such that it overflows 
into the reading tube as soon as any tilting occurs. The tube is mounted on 
a pivoted zinc plate, and can be accurately set to zero by means of an adjust- 
ing counterweight. 

Two springs are also provided to take up the shock of the sudden impetus 
imparted to the plunger on the passage of an excess current due to a short- 
circuit. Only a slight rise in the reading is observed on a short-circuit, except 
in the case of those instruments which have been made specially quick-reading 
for specific purposes. 

To re-set the instrument to zero the tube carrier is turned counter-clock- 
wise, after slacking the thumb screw immediately above the solenoid. When 
the tube has been thoroughly drained, the tube carrier is returned to its 
original position, and the screw is again tightened. 

General Description of Two-rate Meters. — A double-tariff or two-rate 
meter is an ordinary meter, suitable for either direct or alternating currents, 
or both, and is fitted, in general, with two integrating mechanisms and a 
change-over device, by means of which the two integrating trains are 
alternately connected to and disconnected from the revolving armature 
spindle according to the particular tariff in vogue, the interchange between 
the spindle and either counter being electrically or mechanically effected by 
means of a time switch. The one integrating mechanism registers only 
during the high-rate and the other during the low-rate periods, so that the 
energy consumption at each rate is separately shown. A simple device 
is also used to indicate which counter is operating, and at which tariff. Two- 
rate meters, as will be seen from the above definition, may be divided into 
two classes, namely, electrically and mechanically operated two-rate meters. 
In the former case the meter and the time switch form two separate instru- 
ments, and are connected together by electrical means only, whereas in the 
latter case the time switch is mounted with the meter on the same base, and 
mechanically controls the change-over gear. In both types, however, the 
only modification introduced into the meter is in connection with the 
registering part. 

The time switch, or, as it is variously termed, change-over clock, and 
double-tariff clock, is simply an ordinary clock, which at definite moments 
changes either electrical contacts, or alters the position of a mechanical change- 
over gear. In some cases the clock is fitted with an electrical, autoniatic self- 
winding arrangement. 

Deutsch-Sussische Tariff Metera — A very interesting series of tariff 
meters is manufactured by the Deutsch-Russische Elektricitatszahler-Gesell- 
schaft, Germany. For the ordinary double-tariff system, in which the low and 
high rate units are separately registered on two distinct counters, the com- 
bination used by this company is illustrated diagrammatically in Fig. 251, 
and consists of a time switch U, their ordinary meter Z, and a special set of 
test terminals P, mounted together on one common slab G of slate or marble. 
The test terminals P are usually supplied with the tariff meters, as they but 
very slightly add to the cost of the set of apparatus, and greatly facilitate 
testing in dtu^ and replacing the meter, if necessary, without interfering with 
the current taken by the particular installation. The meter proper, which in 
the illustration given is this company's special continuous current type, is 
fitted with two integrating mechanisms and a change-over gear, electrically 
operated and controlled by the time switch. An exactly similar arrangement 
is adopted with their alternating current meter. The pawl S, which is 
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actuated by the relay of the meter proper, drives, at a speed proportional to 
the rate of rotation of the copper brake disc, both the spindle W of the 
counting mechanism and, through this spindle, the connecting gear K. This 
coupling lever is normally held by a spring in the position in which its right- 
hand pinion gears with the toothed wheel of the right-hand integrating train 
which registers the kilowatt-hours at the ordinary or low tariff, until the 
clock contact C U is closed. When this takes place at the commencement of 
the high-tariff period, the electro-magnet r becomes energised and attracts its 
armature Ar, the motion of which causes the coupling gear K to become 
disengaged from the right-hand counter, which now stops, and to gear with 
the left-hand one, which is driven and indicates the units consumed duruig 
the tariff time set on the clock. When this tariff time terminates, the right- 
hand counter again becomes operative. A small coloured disc or indicator 
appears above the figures on the dial, as shown in the diagram, indicating at 
once which counter is registering and the tariff in vogue, as each dial is 
separately marked to indicate the tariff at which it registers. The time 
switch U is a hand-wound, forty-day pendulum clock, and is usually wound up 
once every three or four 
weeks by the meter in- 
spector when he takes the 
meter readings. The clock 
is provided with a twenty- 
four - hour dial, which is 
divided into two equal white 
and black sections, to differ- 
entiate between the hours 
of day and night. The 
hour hand has attached to 
it the brush contacts to 
make and break the circuit 
of the electro-magnet r at 
the commencement and ter- 
mination of the high-tariff period, which is set by means of the hands 
A and E. 

The tariff time can be regulated between the limits of one and twelve 
hours, and the simplest method of setting it is to adjust the hands A and E 
to the time interval, during which the high rate obtains and the left-hand 
counter is coupled to the meter proper, and to turn the A-hand to the 
starting time, when the other hand travels round and the adjusted interval 
remains fixed. 

The hour hand and the limit hands, A and E, are shown somewhat more 
in detail in Fig. 252, and before adjusting the tariff period the brush holder 
on the hour hand is turned through a right angle in the direction of the arrow 
a, so that, when the hands A and E are moved, the brushes are not damaged. 

In contrast to the above, this company also manufacture a mechanically 
operated two-rate meter, which consists of the meter proper in mechanical 
connection with a time switch and a double-tariff integrating mechanism, the 
combination forming one complete instrument, as illustrated in Fig. 253. 
M is the minute hand, A and E are the two hour dials for the tariff time, P 
is the stationary hour hand, and P^ and P^ are the tariff hands, attached to 
two cams, loosely pivoted on the axles of the hour dials. The left-hand 
counter is for the low-tariff units, the right-hand counter gives the consump- 
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fcion during the high-rate period, and a red indicator shows which counter is 
registering. 

The operation of the time switch and change-over gear will be understood 
by reference to Fig. 254. The hour dials are driven from the pinion * 3 ' on 
the axle of the minute hand through the pinion * 5 ' and the toothed wheel * 4,' 
and on the axles of these dials are the cams *8,' held by friction. The 
revolutions of the meter spindle are transferred to the toothed wheel * 11 ' 
through a worm and a worm-gearing. The axle of this wheel is pivoted at 
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* 6/ and carries at its ends the two pinions * 12 ' and * 13.' According to the 
position of the rocking bar *17/ and its arms *18' and *19/ either the 
pinion *12' is brought into gear with the driving wheel of the low-rate 
integrating train ' 14/ or the second pinion * 13 ' is caused to mesh with the 
driving wheel of the high-rate counter * 15.' 

The lever * 1 7 ' is pivoted at * 20/ and is cross-connected through the 
bridge-piece *23' with the second lever *21/ pivoted at *22.' The toe * 26' 
of the lever * 21 ' is held pressed against the cam * 8 ' of the right-hand dial E 
(Fig. 253) by means of a strong spring attached to the bridge-piece * 25,' and, 
in a similar manner, the toe * 27 ' of lever * 17 ' is held against its cam, but by 
a weaker spring. When the toe *26' of the lever * 21 ' falls below the 



TARIFF AND HOUR METERS. 



261 



projection of the right-hand cam *8,' the bridge-piece *23 ' pushes the lever 
* 17 ' away from its cam, and the low-rate counter ' 14 ' will be driven until 
the high-tariff period is reached. The toe of the lever * 17 ' will then engage 
with its cam, and the high-rate counter * 15 ' will become connected and will 
register. 

The clock is set to 
the time of day by 
turning the knob of the 
minute hand M (Fig. 
253) until the correct 
hour on the hour dial 
A stands below the fixed 
pointer P, and the 
minute hand is either at 
or between the minute 
figures 15, 30, 45, 60. 
The commencement of 
the tariff time is set 
by rotating the knob 
on A clockwise until 
the hand Pj points to 
the desired hour, and 
the termination 9f the 
tariff interval is set in 
the same manner by 
means of the hand P, 
on £. As soon as P^ is 
vertically below the 
stationary hour hand 
P, the right - hand 
counter is coupled to 
the • meter spindle and 
registers the units taken 
at the high tariff until 
the pointer Pg comes 
into the vertical posi- 
tion, when the left-hand 
counter is again driven. 
The tariff hands must 
always be rotated clock- 
wise, and, to prevent 
damage to the clock, 
the knobs, if turned in 
the contrary direction, 
slip without carrying 
the hands with them. The window in front of the dial is hinged, so that the 
clock may be wound and the hands set without the necessity of removing the 
meter cover. 

When a uniform tariff is in vogue the clock can be entirely disconnected 
by moving to the right the lever * 28 ' (Fig. 254), whereby the escapement of 
the clock is held by means of a light spring. 

In connection with the system of charging, the principle of which is that 
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a certain niunber of units must be consumed before a rebate is made, and 
which has already been explained on page 212, this company use in addition 
to their meter a special step-tariff apparatus. Fig. 255 represents their 
D.T.S. type of tariff meter for this purpose. In this case the meter proper, 
which in the illustration given is their continuous current type, is not in any 
way modified, and registers in the ordinary manner the total units consumed. 
Below the meter is the special step-tariff apparatus, which registers only those 
units which are consumed above a certain load, about 30-40 per cent, of the 
full load 'capacity of the installation. The tariff is fixed according to the 
amount of this consumption. This system can be extended and several such 
step-tariff counting mechanisms used with the meter. In the case of two 
counting trains, the one step-tariff indicator will give the upper two-thirds of 
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the load limit, while the top third of the load limit will be given on the 
other, and the met^r proper will register the total units consumed. 

A diagrammatic representation of the step-tariff apparatus is given in Fig. 
256 ; it consists of a counting train Z, which is actuated by a pressure relay 
V exactly similar to that in the meter. These two relays are connected in 
series in the pressure circuit, so that when current flows round the meter 
relay, the one in the tariff instrument is also energised. The pawl K 
between the relay armature and the counter Z is made dependent upon a 
heavy current electro-magnet S, and it is only when the armature of the 
latter has been drawn in a certain amount, corresponding to a definite load, 
that the pawl K is free to move. 

When this happens the motion of the pressure relay is transferred to the 
integrating train Z in exactly the same way as that in which the meter 
counter is actuated, and the kilowatt-hours consumed after the lower current 
limit, say 30 per cent, of the maximum, has been passed, are in this way 
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registered on the step-tariff apparatuis. The heavy current electro-magnet S 
can be adjusted within wide limits by tummg a screw on the left of the 
apparatus by means of a key T supplied with the instrument. Turning this 
key clockwise retards the action of the relay S, which will now require a 
stronger current to actuate it. In the tariff system introduced at Halle by 
A. Jung, an hour meter is used in connection with the watt-hour meter 
instead of the step-tariff instrument, and indicate the hours (not kilowatt- 
hours) during which the consumer uses current at loads equal to at least 
Dne-half of the maximum in regular daily use (see page 215). 

The Electrical Company's Two-rate Meters. — The time switch of the 
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Electrical Company, Ltd., London, is illustrated in Fig. 257. It consists of 
a 32-day pendulum clock, with the whole of the switch gear arranged in front 
of the clock face. The large dial A of the clock proper is divided into two 
equal day and night portions, the latter being coloured black. The actual 
time is denoted by the minute hand M and the hour hand H, the latter com- 
pleting one revolution in twenty-four hours. 

Above the time dial is a second smaller one B which rotates with the 
hour hand, and the tariff period is set on this dial by means of a red hand R 
and a green hand G, affixed to two cams. These cams rotate with the dial B, 
and can be displaced relatively to it. In the course of the revolution of the 
hour hand, when the latter indicates on the time dial the hour at which the 
tariff change comes into effect, these cams break contact between the springs 
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Fj and Fg and establish contact between Fg and Fg , or the reverse takes place. 
The cam to which the red pointer is attached is set to the commencement of 
the tariff time on the dial B, and the termination of this interval is fixed by 
the green hand on the second cam. After regulating the tariff period the 
clock is set to the time of day in the usual manner. It will be noticed that 

the clock has three spring con- 
tacts, Fj, FgjandFg. 

These three contacts are 
necessary when the time switch 
is used to electrically control 
a separate counting mechanism 
with this company's oscillating 
continuous current meter for a 
double-tariff system, in which 
the meter pix)per registers the 
total units consumed. 

Fig. 258 is an illustration 
of the combination of apparatus 
used in this case. The meter 
itself is not modified in any 
way, and registers the total 
consumption. Between it and 
the time switch, mounted on 
the top of the slate or wood 
base, is the tariff apparatus, 
consisting simply of a second 
counting mechanism exactly 
similar to the relay counter, 
characteristic of this meter. 
The rebate instrument is con- 
nected in scries with the time 
switch and in parallel with the 
meter counter. It only regis- 
ters during the high-rate period 
set on the tariff clock. The 
advantage of this system is 
that the consumer can at any 
moment determine not only the 
whole amount of the energy 

t^^^^^^^^^^^^jg^^^^^^^^M 1 ^6 ^^^ taken, but also the 
^^^^^^^^^/^^^^^^^^^^^M ^n^i'gy taken the 
^^^^^^^^H^^^^^^^^^^^^^^^^ If this method be employed 

*'**'** ^^^^^^^^^^^^^H with any other type of con- 

Fio. 268. tinuous current meter, or on 

an alternating current supply 
circuit, two meters have then to be used, for which the one registers the 
total and the other the high-rate units. 

In conformity with the general two-rate system, the Electrical Company 
also manufacture double- tariff meters for either continuous or alternating 
current, in which case each meter is fitted with two cyclometer counters and 
an electro-magnetic change-over gear. The same time switch is used, but it 
has two contacts instead of three, and electrically controls the operation of 





265 



Fio. 269. 



266 



ELECTRICITY METERS. 



either counter through the relay and connecting gear, by which the one 
counter revolves during the high -rate time and the other when this time has 
been passed. The relay and time switch are connected in series across the 
supply circuit. An illustration of this company's double-tariff meter and 
time switch is also given in Fig. 259. 

The General Electric Company's Two -rate Meter. — The two-rate 
meter of the General Electric Company, U.S.A., consists of their ordinary 
Thomson meter and a controlling clock in a separate case, the two being 
electrically connected, as illustrated in Fig. 260. 

The clock, shown separately with the cover off in Fig. 261, is auto- 
matically wound by means of small dry batteries contained in the same case. 




Fig. 260. 



The clock has the hours from 1 to 12 for the day and night engraved on 
a metal plate. Above this plate are two pointers, by means of which the 
time for the change from each tariff' to the other is set as in an alaiin clock. 
The operation of the device is very simple. During the normal period of 
high tariff the armature of the meter rotates at full speed, corresponding, 
of course, to the main current flowing, and the full amount of the energy 
delivered is registered. At the hour when the predetermined low tariff . 
comes into effect, the clock automatically inserts in the armature circuit an 
additional resistance mounted with it. This resistance is so proportioned 
that the moving element of the meter will now rotate more slowly than it 
ordinarily would, and at a speed reduced in the ratio of the low to the high 
tariff, e.g. if the mtio of the low tariff to the high tariff be ^, then the spc^ 
will be one-half what it otherwise would be. The low speed will continue 
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until the end of the low-tariff period, when the clock automatically cuts out 
the resistance, and the meter then registers at its normal rate as before. 

The meter has only one dial, and this dial always shows the number of 
units chargeable at the established, or high, tariff. It, therefore, does not 
record the true amount of the energy taken during both periods. 

It is interesting to note here that the meter is an actual two-rate meter, 
rotating, as explained, at two different speeds, depending upon the particular 
tariflF in vogue. It may be used on either direct or alternating current 
circuits, interchangeably, and whatever the frequency of the alternating 
current. It is, further, independent of whether the circuits are shut down 
for a portion of the time or not. The rotation of the meter can be checked 
by observing the revolutions of the brake disc, visible through the window 
provided for this purpose in 
the meter cover, so that the 
change of speed from one 
rate to the other may be 
verified. 

The estimate of the 
amount chargeable to a 
customer for the energy 
supplied is readily and 
simply calculated. Thq dif- 
ference between the two 
meter readings, taken at the 
commencement and the end 
of a quarter, gives the units 
to be charged for at the high 
rate. The number of units 
multiplied by the high-rate 
charge will, therefore, repre- 
sent the amount of the con- 
sumer's bill. 

This can be easily shown 
as follows : — 

Let Wj denote the actual 
number of units consumed 
during the high-tariff periods 
of a quarter; n^ denote the actual number of imits consumed during 
the low-tariff periods of the same quarter ; N denote the total number of 
units registered by the two-rate meter in this time ; 7*3 denote the number of 
these units registered by the meter during the low-rate periods of the 
quarter ; Cj denote the high-tariff charge per unit ; c^ denote the low-tariff 
charge per unit ; A denote the amount of the bill. 

Then A = c^n^ + c^n^ 

= qK-H^^n2) . . . . (i) 

Also N = nj + n3 (ii) 

Since the meter runs during the low-tariff periods at a speed reduced in the 
ratio of the low to the high tariff. 
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From (ii) and (iii) it follows that 

N = ni + ^ .ng, 

and, therefore, inserting this in (i), 

A = Ci.N. 
Hence the cost of the energy chargeahle to the consumer is the product of 
the units, as registered on the dial, multiplied by the established or high rate 
per unit. 

The Hookham Two-rate Meter is the ordinary continuous, or alternating, 
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current meter, modified as regards the integrating mechanism only, and is 
used in connection with a time switch. Fig. 262 is a front view of the 
instrument for continuous currents. In either case it is fitted with two sets 
of dials, the lower one of which registers the ordinary, or low-tarifF, units, and 
the upper one the units consumed at the high rate of charge. A small index 
finger indicates by its position on the face of the dials which set is in 
operation, and the nature of the tariff. The change-over from the lower to 
the upper dials is made electrically by means of a solenoid, controlled by a 
time switch, the solenoid being placed as a shunt direct across the supply 
mains. 

It will be seen from what follows that this shunt circuit only takes 
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current during the time when the high rate is effective, so that the energy 
loss due to it is small. The general arrangement of the solenoid and change- 
over gear is clearly depicted in Fig. 263, which gives a diagrammatic represen- 
tation of the meter. The solenoid L is contained in a][small box K/^which is 
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fixed to the meter case, and its core M is suspended within the coil by the 
spring M'. At its lower end the core carries the U-shaped iron strip N, by 
means of which it is attached to the rocking bar G. This bar G is pivoted 
at H, and carries the driving wheel F, which is always in gear with the wheel 
E, {ind, according to the position of the beam, meshes either with the first 
motion wheel I' of the lower integrating train, or with the first motion wheel 
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I of the upper set of dials. The armature revolutions are conveyed in the 
ordinary manner from the worm on the armature spindle A to the horizontal 
wheel B, and through the worm on the spindle of the latter to the pinion D by 
means of a second wheel and pinion not shown in the diagram. The pinion D 
drives, through the wheels E and F, either the top or bottom registering train. 
The beam' G also carries the counterweight G' and the index pointer, and its 
motion is limited by the stops H'H'. 

During the low-rate periods no current flows through the solenoid, and the 
tension of the spring and the weights of the core and of the counterbalance 
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are so adjusted that the beam throughout this time rests against the lower 
stop H'. In this manner the wheel F meshes with V, and the revolutions of 
the meter are transferred to the lower set of dials, and the low-rate units are 
registered. When the high-tariff time commences, the time switch closes the 
solenoid circuit, the core is sucked up into the solenoid and held there, and 
causes the driving wheel to engage with the first motion wheel I of the upper 
dials, which then register the units consumed at the high rate. This con- 
tinues until the termination of the high-rate period, when the shunt circuit 
is opened and the rocking arm falls by gravity back to its original position, so 
that the driving wheel is again in mesh with the low-rate dials. 

Siemens-Sc^uckert Double-tariff Meter. — In Fig. 264 is given a view of 
the Siemens-Schuckert three-phase meter, type F.U., adapted to double-tariff 
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purposes. The meter differs only from the ordinary type, described on 
page 203, in having two sets of coimting mechanisms and a change-over 
gear, actuated by a double electro-magnet, which, in turn, is controlled by a 
time switch. The one counter registers the units at the low rate and the 
other at the high rate of charge, and the connection between the meter 
spindle and either train of wheels is made by the change-over device. This 
latter is, of course, applicable to any of the type of continuous and alternat- 
ing current meters manufactured 
by this company. A pointer on 
the front of the dial face very 
clearly indicates by its position 
which counter is registering, and 
at which tariff. The time switch 
is separately illustrated in Fig. 
265, and is a pendulum clock, 
fitted with an electrical self-winding 
gear. The method of operation will 
be readily followed by reference 
to these illustrations and to the 
diagrams in Figs. 266 and 267, 
of which the former is a diagram- 
matic representation of the change- 
over contacts of the clock, and the 
latter a diagram of connections 
for a two-wire continuous-current 
double-tariff meter. The dial of 
the clock is furnished with two 
sets of holes; those in the outer 
circle are for setting the com- 
mencement and those in the inner 
circle for setting the end of the 
tariff period, by means, of two 
milled - headed, change-over pins 
inserted in them. 

At the right-hand end of the 
edge of the base of the clock is a 
stationary red pointer (not shown 
in the illustrations), to which the 
clock is set to the actual time by 
rotating the time dial in a clock- 
wise direction. When the clock is 
going the dial rotates, and with it 
the milled-headed, change-over pins, 
and these in turn come into contact with a small lever K (Fig 266) on the 
axle of the change-over lever U, which is moved either to the right or to the 
left. The two arms of this lever U each carry a small half-round pin. As 
either arm of the change-over lever U impinges against the contact balance 
lever W, its half- round pin first strikes against and slides on the flat ebonite 
surface a 6 of the balance lever W, and after a short interval makes contact 
with a metal strip on the balance lever, and closes the circuit of one or other 
of the electro-magnets of the counting trains of the meter. The pin then 
breaks contact, and continues sliding for a short time on the curved surface 
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of the balance lever, tilting it until it is rapidly drawn over to the other side 
by means of a spring. The counter, which by this operation has been 
brought into gear with the meter spindle, registers until the second electro- 
magnet is energised in a similar manner. The meter is thus made to drive 
one or other of the two counters according to the setting of the clock, and it 
will be seen that the electro-magnets, through the agency of which this result 
is effected, are only energised for a short time in this way, so that they do not 
take current continuously. 

The time switches are so arranged that, when they have been uninter- 
ruptedly connected to the supply for four to six days, they will keep going for 
twenty to thirty hours after the pressiu-e 
circuits have been disconnected. If they 
be then again placed in circuit, the clock 
spring will be re-wound automatically 
by the electric winding gear of the 
clock.* If, however, the interruption of 
the supply be of such a duration that 
the clock finally stops, it must be re- 
started by hand by pressing downwards 
the winding lever A (Fig. 266) about 
twenty times, each time allowing it to 
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return to its initial position, when the pendulum is set swinging. The 
winding lever A is not used to re-start the clock if it has stopped through 
any cause other than a long interruption of the circuit. 

Referring to the diagram of connections (Fig. 267), E is the electric motor 
which winds up the clock, U is the change-over lever, and W is the contact 
arm of the time switch. R is the double relay which actuates the counters of 
the meter, which in the diagram represents the continuous current type. 

Fig. 268 represents a modified form of the time switch with electrical self- 
winding gear, and Fig. 269 is the hand- wound double-tariff clock manu- 
factured by this company. 

The Aron Two-rate Meter is a combination of an ordinary clock with an 
Aron meter, differing in no particular detail from the usual type. 
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The two instruments are in mechanical connection with one another, and 
are mounted together in one case, as ilhistrated in Fig. 270. The meter 
proper is furnished with two sets of dials, and a change-over gear fitted to 
them. By means of this gear, either the top or )x)ttom set of counters 
will register according to the setting of the clock. The one set usually 
denotes the consumption during the evening-rate periods and the other that 
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Fig. 269. 



during the day, when the lower tariff is in vogue. The total amounts of the 
energy delivered on each tariff are thus separately recorded, and the consumer 
can readily check the figures for himself. An indicator is also provided on 
the meter (seen in Fig. 270), and shows which set of dials is in use, and the 
whole arrangement is clearly visible through the windows. To the left of the 
meter (Fig. 270) will be seen the tariflF clock. It operates the change-over 
gear on the meter dials. At the hour when the high tariff comes into effect 
it disengages the day-rate counting train from the main driving axle of 
the meter, and brings the latter into gear with the evening-rate counter; 

18 
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at the hour when the evening rate ceases, it restores connection with the low- 
rate counter and disconnects the other set. The clock is electrically wound, 
but is not electrically connected with the meter proper. The face 6f the 
clock has five sets of dials, shown in Fig. 271, The centre dial is an 
ordinary twelve-hour dial. The top left-hand one has twenty-four divisions 
and revolves once in twenty-four hours, indicating whether the hours are those 
of the day or night. The right-hand one indicates seconds, and is for the 
purpose of facilitating the regulation of a number of these clocks. 

The two bottom dials are for setting the tariff time. They have twenty- 
four divisions marked on them, and give the hours for day and night 
respectively. The pointers of these dials can be revolved in a counter- 
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clockwise direction, and so set at any time by hand, the one on the left dial 
generally denoting the beginning and that on the right dial the end of the 
high-rate period. The night and day hours are distinguished by the black 
and white markings on the dial centres. 

The Double-tariff Meters of the Compagnie pour la Fabricatioii des 
Compteurs, Paris, consist of their ordinary Thomson, O'K., and A.C.T. 
meters, each of which is fitted with a double-train gear, and is mechanically 
combined with a change-over clock situated at the top of the instrument. 

In Fig. 272 is a view of this company's continuous current meter, type A> 
arranged in this manner for double-tariff purposes, very clearly showing the 
clock and the two dials, of which the one registers the low and the other the 
high rate units. These dials are differently coloured to distinguish between 
the tariffs, and a suitable indicator shows which dial is registering. 
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Figs. 273 and 274 are respectively a front and side elevation of their 
A.C.T. double-tariff meter, giving more in detail the construction of the clock 
and the change-over gear. 

The clock, when fully wound, will run for thirty-two hours, and has two 
dials, of which the outer one A is fixed, and the centre one B is rotated by the 
clock mechanism once in every twenty-four hours. The night portions of the 
dials from 6 o'clock p.m. to 6 o'clock a.m. are coloured black, and half- and 
quarter-hour subdivisions are marked on them. The hour hand E is fixed 
on the centre dial B by the two brass knobs F and F'; it indicates at every 
moment on the outer dial A the actual time. The tariff time is set on B by 
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means of the two levers L and L', situated in the annular space between the 
two dial& 

They are lightly pivoted on the centre axle C of the clockwork and rotate 
with the dial B, their position relatively to which can be altered at will to 
make any change in the tariflF period. 

At the instant when the hour hand £ passes the time on the outer circle A 
corresponding to the appointed hour for the change in the tariff, as indicated 
on B by one or other of the levers L and L', the heel of this lever impinges 
with its inclined surface on the knob S carried on the top of the stirrup P. 
This stirrup, together with the rocking bar G, is pivoted on the horizontal axle 
at D. A horizontal pin D', between D and S and passing through the forked 
end of the bar G, rigidly connects the latter with the stirrup. Two springs R 
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and R', both of which are visible in Fig. 275, are attached at the one 

-T'' 




Fig. 274. 



end to P, above the pivot, and at the other end to D". The knob S is slowly 
tilted by the heel of the lever L, or L', and the springs R and R' become 
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stretched, the rocking bar G remaming stationary until the pin D' has crossed 
the vertical plane passing through D and D". As soon as this happens, the 
springs suddenly pull over the stirrup and with it the pin D', which causes the 
rocking bar G to rapidly slide the two pinions at K along the spindle J, 
which is driven by the main meter axle. One or other of the pinions is thus 
caused to gear with a corresponding ratio wheel of one of the two integrating 
trains, and this counter will now register. When the hand E approaches the 
other limit of the tariflF period, exactly the same action ensues; the other 
counting train will revolve, and the previously operative one will be dis- 
engaged from the meter proper. 




Fig. 276. 



A very rapid and reliable change-over is eflFected in this manner. 

This company also use a time switch to control either two meters or two 
groups of meters, so that the energy consumption is separately registered 
according to the time of day. The time switch is shown in Figs. 275 and 
276, and its action and clock mechanism are exactly the same as in the 
description just given. Instead, however, of operating upon a mechanical 
change-over gear, the clock actuates a two-way switch, the rocking bar G now 
taking the place of a switch contact-arm. This copper arm G has a silver 
contact at its lower end, with which it bears on one or other of two silver 
contact studs, according to the direction in which it is moved. These two 
studs are connected to the terminals g and d of the time switch, and the 
terminal in is joined to G. 
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Above the studs are two small silver strips, which make a spring connection 
between the studs and the switch arm to ensure good contact and to avoid 
sparking. 

The connection between the time switch and the meters which it controls is 
made by joining the shunt terminals of the meters of the one group and those 
of the other set to the terminals g and d respectively, the middle terminal m 
being connected to that supply main which does not pass through the meters. 
If the contact arm be on one of the studs, isay that one connected to the 
terminal g of the time switch, the meters, the shunts of which are connected 
to ^, will register, and those connected to d will stop, as their shunt circuits 

will be broken. When the arm 
passes to the other contact stud, 
it will open the shunt circuits 
of the meters which have just 
been registering, and will close 
the circuits of those which have 
now to operate. 

The Bat Meter Company, 
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the British Thomson-Houston Company, and the Danubia Actiengesellschaft, 
Vienna, use exactly the same mechanical combination in connection with 
their two-rate meters, and the time switch for electrically operating two 
systems of meters. 

Luxsche Industriewerke Double-tariflf Meter. — For a two-rate system in 
which the high-rate and the low-rate units are separately registered, the 
Luxsche Industriewerke, Munich, manufacture a special double-tariff instru- 
ment, which is used in electrical connection with any type of motor meter. 
This two-rate instrument is illustrated in Fig. 277, and consists of two 
integrating counters, an electro-magnetic relay, which actuates a driving 
pinion or train of wheels, and a time switch, by means of which the pinion or 
train is caused to gear alternately with one or other of the two counters, 
according to the tariff in vogue. To adapt the meter proper for use with the 
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apparatus, it is only necessary to provide the armature spindles with a non- 
sparking contact device, and to remove the ordinary counting train. 

The method of operation is very simple. Each time the meter has 
executed a definite number of revolutions the contact maker is closed, when 
the relay becomes energised and actuates the integrating counter to which 
it happens to be connected. In this manner the revolutions of the armature 
spindle are conveyed to one or other of the two integrating mechanisms and 
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the units registered. The contact maker is closed for a very short interval 
only, when it is again broken, so that the energy consumption is small. The 
interchange between the relay mechanism and either counter is effected 
mechanically by the time switch, which is arranged either as a hand-wound 
45-day clock, or is fitted with an electrical, self-winding gear. 

Referring to Fig. 277, Pj and Pj are the two tariff pointers, which rotate 

with the central dial, but can 
-»♦— I i ^ % be moved relatively to it for 

setting the commencement and 
termination of the special tariff 
time. P is the stationary hand 
for reading the time of day, and 
the clock is set by rotating the 
dial until the correct time ap- 
pears opposite the pointer. 

Hour Meters. — An hour 
meter consists simply of an 
ordinary hand-wound, balance- 
wheel clock, the function of 
^^^' ^^^- which is to register on a dial 

the hours during which current 
flows in an installation to which it is connected, irrespective of the magnitude 
and variation of the current or voltage. The escapement of the clockwork 
is held either mechanically or electrically until the passage of a current, 
when it is freed, and the clock will then go in the ordinary manner until the 
current is interrupted, when it again stops. 

Fig. 278 is a diagrammatic representation of a mechanically controlled 
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hour meter, the diagram on the left showing the escapement prevented from 
going when the switch is off, that on the right showing the switch closed and 
the balance-wheel free to move. 

In an hour meter with electrical control the balance-wheel is, in general, 
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arrested and freed by the action of an electro-magnet, and in such a manner 
that the clock only goes when the electro-magnet is energised by the passage 
of a current. 

The electro-magnet is either series-wound or shunt-woimd. The series- 
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wound electro-magnetic type is usually used for lighting circuits, and the 
method employed is shown in a general manner in diagram (Fig. 279). 

Fig. 280 represents diagrammatically the shunt-wound electro-magnetic 
hour meter, showing also the conditions which obtain with the motor shut 
down and working. An external view of the Electrical Company's electro- 
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magnetic type of hour meter is given in Fig. 281, and, in general, a ratio 
of 1 : 10 is employed between the starting current and the maximum of 
the installation; that is, in a 5-ampere circuit the clockwork of the hour 
meter will be released on the passage of a current of 0*5 ampere. The start- 
ing current can, of course, be made smaller if necessary. 

in some instances the clockwork is driven direct by the current, in which 
case the hour meter is always furnished with a pressure winding. 

To eliminate the effect of hysteresis, the Deutsch-Russische Elektri- 
citatszahler-Gesellschaft, Germany, use a spring attachment with the electro- 
magnet controlling the hour meter. The principle will be understood by 
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reference to Fig. 282. A small spring is interposed about midway between 
the extreme position of the armature of the electro-magnet and the latter. 
This ensures the prompt release of the armature when the current falls to a 
certain value which it had when the electro-magnet first attracted it. Sup- 
posing that this attraction takes place when the current is 2 amperes, no 
further motion of the armature will ensue with an increasing current. When, 
however, the current again drops to 2 amperes, the aimature will not 
necessarily be released, owing to the effect of hysteresis, in consequence of 
which the force exerted by the electro-magnet does not drop off proportionately 
with the decreasing current. To prevent any uncertainty of action due to 
this cause, the tension of this spring is so adjusted that the counter-force it 
exerts just balances the hysteresis effect, so that with decreasing current the 
armature will be released when the cun-ent has fallen to the initial value at 
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which the magnet with increasing current attracted it. Fig. 283 illustrates 
the method of applying this principle to their three-wire hour meter. The 
escapement 18 of the clock is normally held by means of a light hairspring 
16 attached to the lever 13, which, in turn, is pivoted on the axle 12 of the 
armature 1 1 of the electro-magnet. When the coils 9 of the electro-magnet 
are energised on the passage of a current, the lever 13 frees the escapement, 
due to the attraction of the armature by the electro-magnet, and slightly 
compresses the spring 21. The clock can now go, and the hours are registered 
during which current is taken. When the current drops to its initial value 
at which the armature with an increasing current was attracted, the spring 
21 comes into play, the armature is at once released, and the clock again 
stops. 



CHAPTER XIII. 

SOME MECHANICAL FEATTTBES IN METEB DESIGN. 

General Mechanical Design— Shafts and Piyots — Pivot of Meter of General Electric Co., 
U.S. A.— Spindle and Pivot of A.C.T. Meter— Detachable Armature Shaft and Pivot 
of Duncan Meter— Meter Bearings — ^Ball Bearing of Electrical Company's Meters — Ball 
Bearing of Scheeffer Meter— Ball Bearing of Westinghouse Meter — Jewel Bearing of 
Thomson Meters — Bearing and Combined jLocking Device of Siemens-Schnckert Meters 
— Duncan ' Visual ' Bearing — Stanley Magnetic Suspension — Stanley Rotated Jewel 
Bearing — Evershed Magnetic Suspension — Upper Bearing — Integrating MechaniBms — 
Dial Kegister— Cyclometer Counter — Aron Spring Cyclometer Counter — Siemens- 
Schuckert Weight Cyclometer Counter. 

General Mechanical Deedgn. — The suitability of an electricity supply 
meter to act as a commercial measuring instrument depends both on its 
electrical and mechanical design, and, in general, the mechanical features are 
quite as important as the electrical details of the meter. The electrical 
design naturally varies with the nature of the supply current, the pressure 
of the system, the system itself, the object of the meter, i,e, whether the 
meter is intended to function as an ampere-hour or watt-hour meter, and 
with the principle on which it works, namely, the electrolytic, the heating, 
and the electro-magnetic effect of a current. The electrical features haye 
already been dealt with in the preceding chapters, in which are included 
descriptions of a large number of various types of supply meters in general use. 

In the present chapter a few mechanical features, mostly applying to 
motor meters, are briefly discussed. A meter should be of simple and sound 
mechanical construction, to withstand ordinary handling and usage, so that it 
does not suffer injury during shipment, railway transit, or in its installation. 
It should, as far as possible, retain its original accuracy over a long period. 
Absolute permanency of calibration cannot be obtained, as it is impossible to 
eliminate friction entirely, or to prevent its gradual increase during the 
operation of the meter in house-service. These two important considerations 
mainly depend on the mechanical design. In addition, dust, insects, and 
moisture should be rigorously excluded, as otherwise, whatever the merits 
of the electrical design, the meter will rapidly deteriorate. This last con- 
dition is, in general, fairly we'll satisfied in most well-designed meters. 

The various elements of the meter are fixed in a substantial caise, or are 
mounted on a base plate, and are completely enclosed in a protecting cover. 
The cover is either itself recessed, and the groove lined with felt, rubber, or 
other suitable material, or the base plate is provided with the channel in 
which the packing is laid, and the two should form together a moisture-, 
insect-, and dust-proof joint, when the cover is properly secured by the holding- 
down screws, and sealed. 
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The meter is always provided with two separate covers ; the one is the 
main meter cover, and the other is to protect the terminal chamber and 
to give access to the terminals without removing the main cover. They 
are each furnished with an efficient and independent sealing arrangement. 
The main cover has two windows, of which the one is for reading the dials, 
and the other enables the speed of the meter to be checked by observing 
the revolutions of the brake disc on the spindle. In commutator motor 
meters a third cover should be provided to give access to the commutator 
and brushes, for the purpose of inspection and cleaning. 

In the meters of the British Tliomson-Houston Company, the Compagnie 
pour la Fabrication des Compteurs, Paris, and of the Danubia Actiengesell- 
schaft, Vienna, the commutator and brushes are situated at the lower end of 
the meter spindle, and, together with the jewel step-bearing, are protected by 
a cap, which is secured to the main cover by a bayonet catch, and is in- 
dependently sealed. In the Vulcan meter the commutator and brushes are 
arranged at the upper end of the spindle, and are also protected by a separate 
cover in the shape of a dome with independent sealing. 

The Stanley Instrument Company, U.S.A., use an all-glass cover for the 
meter proper in their type H induction meters. A thick, strong glass cover 
is secured to the iron base, and sealed in the same manner as the metal 
cover. It is imbedded on a gasket, making an air- and dust-tight joint. The 
meter is connected to the circuit without opening the main cover, through 
which all the working parts are readily visible. Glass covers are also employed 
by the Westinghouse Electric and Manufacturing Company, U.S.A., who also 
seal their meter, and accept no responsibility . if the seal be broken. The 
Sangamo Electric Company, U.S.A., permanently seal their meters, and it is 
not intended that the cover should be removed from the meter under any 
circumstance. The cast aluminium case fits in a deep groove in the cast- 
iron base, and a cementing material is put into this groove, sealing the case 
and back together watertight. All openings and joints are also carefully 
sealed. The holes through which the connections rim from the terminal 
chamber into the meter proper are filled with rubber gaskets, and the wood 
block holding the connecting pieces presses a thick layer of felt tightly 
against the wall between it and the interior of the meter. The dial window 
and observation window are also sealed, and all holes drilled through the 
back of the meter to receive screws are likewise sealed with plaster of Paris 
and stamped, to prevent tampering. 

The whole meter should be light, compact, and portable, to facilitate 
testing and handling. It is, however, most important for the cover and 
case to be strongly made, so that they effectually protect the meter from 
mechanical damage, even if an increase in the total weight of the meter 
should hereby be incurred. This fact was most forcibly brought home to the 
author. Amongst many manufacturers who very courteously supplied the ' 
author with meters for inspection and testing, Messrs Ferranti, Ltd., for- 
warded a sample of each of their alternating and direct current types. Each 
meter was most carefully packed in a very strong case. Nevertheless, the 
box containing the alternating current meter arrived practically broken in 
two halves, but the meter itself, owing to its sound mechanical construction, 
was not in the least damaged or affected. This may have been a case of 
exceptional carelessness on the part of the carriers, and has only been cited 
to show that such accidents can and do happen, and to emphasise the 
importance of a strong mechanical meter. Continental meters differ in this 
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respect materially from English and American meters, those manufactured 
on the Continent being provided with covers of very neat appearance, but 
they are, in general, far too flimsy. 

The position and arrangement of the terminals differ in different types, 
and are, in general, readily recognisable from the illustrations accompanying 
the descriptions given. In a two-wire energy meter four terminals should be 
used, i,e, two shunt and two main current terminals. The common shunt 
and main current terminals should be connected through a small copper 
bridge or hook, so that the pressure circuit of the meter can be entirely 
isolated without having to remove the main cover or disturb any of the 
internal connections of the meter, to facilitate testing, which is especially 
important when several meters are tested in series. The terminals should 
be carefully insulated from one another by means of non-hygroscopic and 
fire-proof insulation, and those of opposite polarity separated by mechanical 
division walls. 

The method of connection is also of importance, and should be both 
convenient and simple, so as to avoid the possibility of mistakes ; it should 
be impossible in the case of an energy meter for the connections to be so 
made that the pressure current flows through the main circuit of the meter, 
and, further, the design should be such as to preclude tampering with the 
meter by unauthorised persons. The method of hanging used in the 
British Thomson-Houston meters is of interest in this latter respect. At the 
back of the meter is a special suspension-piece, by means of which the meter 
is hung on a supporting screw. After the meter has been levelled, it is 
securely fixed by means of two screws, which pass through holes in the meter 
base, access to which can only be had by removing the terminal cover. 
When the meter has been placed in position, connected to the circuit, and 
sealed, it is impossible to change its level without breaking the seals. If 
this could be done, as with exposed holding-down screws, unless sealed, 
the level could be altered and the meter made to run slow and under- 
register. 

Shafts and Pivots. — In general, the meter shaft is made of a light steel 
spindle, having a detachable pivot at its lower end, which is removed by 
unscrewing it from the shaft or spindle proper. The end of the pivot is 
highly polished and made glass-hard, in many instances being ludl-shaped, 
and forms the actual bearing contact of the spindle with the bottom step- 
bearing. As a rule, when the jewel of the step-bearing becomes defective 
and requires renewing, the pivot is also found to be roughened or damaged. 
A new pivot should be inserted in the meter when a worn jewel is replaced, 
whether the shaft end is damaged or not. It is important that the worm 
on the spindle should not be liable to rust, due to moisture, etc., and so 
increase the frict'ion between the axle and the integrating train, and in many 
instances it is made of brass. 

Pivot of Meter of General Electric Co., U.S.A.— The General Electric 
CJo., U.S.A., use a brass pivot with a steel bearing surface, as it is often found 
that the shaft of the meter becomes more or less magnetised, and with a steel 
shaft end some difficulty is experienced in the removal of a screwed pivot. 
The brass pivot has forced into its one end a small piece of high-grade piano 
wire, which is hardened glass-hard and highly polished, and forms the actual 
bearing surface with the jewel. 

Spindle and Pivot of A.C.T. Meter. — In the A.C.T. meter the spindle is 
of German silver and a small steel pivot is screwed in the lower end, and a 
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steel pin forms tte upper guide bearing. German silver is used to prevent 
the worm from rusting. 

Armature Shaft and Detachable Pivot of Duncan Meter. — The Duncan 
Electric Manufacturing Co., U.S.A., use a hollow, nickel-steel spindle and a 
detachable pivot of steel piano wire, which is not threaded, but is held in the 
lower end of the spindle by magnetic attraction, the meter shaft being 
magnetised for this purpose. This magnetised pivot can be removed from the 
meter very quickly with a pair of ordinary pocket tweezers. The renewal or 
insertion of a new pivot is further reduced to a very simple operation in con- 
nection with the special visual bearing, characteristic of the Duncan meter. 
Some further important improvements have been recently introduced by this 
company in connection with the manufacture of meter shafts, which are 
made detachable in sections for the purpose of quickly renewing the worm, 
commutator, and the armature. 

One of these shafts is shown assembled in Fig. 284, and the details of 
its component parts are given in Fig. 285. The sections screw into one 
another and are all made to gauge, so that they are quickly and readily re- 
placed. To facilitate building up or dismantling the shaft, both the worm 
part W and the commutator part C are provided with knurled portions, by 
means of which they can be screwed into one another and into the main body 
of the shaft B, on which are mounted the armature near its upper end, and 
the brake disc near its lower end. P is the threadless bearing pivot. In 
the description given of the Duncan meter in Chapter IV., the very ingenious 
method of connection used between the commutator and the armature has 
been explained and ilhistrated. It allows either the armature or commutator 
to be removed and a new one to be inserted without having to un-solder or 
re-solder any connections. By making these parts detachable and inter- 
changeable in this manner, labour and time are saved in effecting meter 
repairs. 

Meter Bearings. — Two methods of supporting the revolving element of a 
meter are in general use. The shaft either runs in a jewelled step-bearing or 
a special ball bearing. A ball bearing does not decrease initial friction, all 
other things being equal ; in fact, the friction is higher than in the case of a 
point pivot on a jewel. A ball bearing, provided that it is flexibly supported, 
is, however, preferable to the ordinary jewel bearing with a pivot, as the 
bearing friction is less liable to change than with the latter type. 

Ball Bearing of Electrical Company's Meters.— In Fig. 286 is illus- 
trated the ball bearing used by the Electrical Company, Limited, London, in 
their various meters. The end of the armature spindle is cupped and highly 
polished, and rests on a small ball, which in turn bears on the polished jewel 
of the bearing. The bearing, as a whole, is flexibly supported on a stiff spring, 
which is sufficiently elastic to give under a heavy shock. 

Ball Bearing of Scheeffer Meter. — A ball bearing is also used to support 
the rotating element in the Scheeffer meter. Fig. 287 shows the ball 
resting on the jewel in the jewel screw, and by means of Fig. 288 the 
method will be understood of locking the meter spindle for transit and for 
the purpose of inspecting or renewing the steel ball or the jewel. The 
knurled nut A is screwed up until it lifts the armature disc and locks it. 
This secures both the disc and shaft. The jewel screw B can then be un- 
screwed and taken out. Care must be exercised in removing the jewel screw 
to hold up its point so that the steel ball rests in the cup. 

Ball Bearing of Westinghouse Meter. — The cup and ball bearing in the 
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Westinghouse meter is also illustrated diagrammatically in Fig. 289. A 





Fig. 284. 



Fig. 286. 



highly polished steel ball ^\ inch in diameter is used between two sapphire 
cupped jewels. The lower jewel is mounted in the usual manner in a jewel 
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bcrew, while the upper one is inverted and is set in a removable sleeve on the 
lower extremity of the meter spindle. 

Jewel Beanug of Thomson Meter. — In general, the jewelled step-bearing 
used consists of a highly polished and cupped sapphire jewel, set ina plug, 
which is flexibly supported by a spiral spring within the jewel bearing-screw. 
The strength of the supporting spring beneath the jewel plug in relatipn to 
the weight of the rotating element of the meter is of importance in the life of 
the jewel. In the A.C.T. meter the spring just balances the weight of the 
armature disc and shaft with the driving worm. In this case no locking 
device is used, and the meter can be subjected to considerable shock without 
damage being done to the jewel or pivot. As a rule, an arrangement is fitted 





Fig. 287. 




Fig. 286. 



Fig. 288. 



to the meter by means of which the shaft with the portions it supports is 
lifted off the jewel for transit, and firmly clamped against the top bearing- 
stud. Jewels should invariably be spring-seated, as they are far less liable to 
damage by a shock or jar, due to the poimding action of the shaft, than when 
rigidly mounted. Diamonds are also used by some companies for large 
capacity meters which have heavy moving elements and for tram-car work, 
when the meter is subject to considerable vibration. Diamond jewels are flat, 
and are set within a ring of sapphire stone to keep the pivot in the centre of 
the diamond. The general arrangement of the jewel bearing and locking 
device used in the Thomson meters will be readily understood from Fig. 290, 
which also shows the detachable spmdle pivot. 

Bearing and combined Locking Device of Siemens-Schuckert Meter. — 
Fig. 291 is an illustration of the excellent footstep-bearing and combined 
locking device used in the Siemens-Schuckert meters. In the figure, the shaft 
is shown in the locked position with the jewel screw lowered. H isa stationarv 
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hollow bearing-post in which the jewel screw L moves, and is divided internally 

into two portions, separated by the 
division ring R, on the upper surface of 
which rests a spiral supporting spring. 
The top portion of the jewel screw, 
in which is set the sapphire jewel S, 
is completely covered by a tightly 
fitting cap C, in which is a small hole 
to allow the ball pivot of the shaft 
to pass through, so as to rest on the 
jewel when the meter is in operation. 
The cap C also forms a very efficient 
oil chamber, from which, owing to 
surface tension, the oil is unable 
tor escape during the handling and 
transit of the meter. B is the clamp- 
ing bush, by means of which the 
meter spindle is lifted out of the 
bearing. It has an internal thread 
in which the jewel bearing-screw works, 
and at its upper end it terminates 
in a conical opening. This clamp- 
ing bush or sleeve can, moreover, 
only have a motion of translation, as it 
is prevented from turning by the guide- 
pin P. 

To clamp the meter, a screwdriver 
is inserted in the head K of the jewel 
Fio. 289. screw, which is then turned counter- 

clockwise. The flange F of the jewel 

screw, in this position, rests against the ring R, so that when it is turned 





Fig. 290. 



counter-clockwise the spiral spring which flexibly supports the jewel screw- 
moves the clamping bush B in an upward direction. The upper coned portion 
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of the latter engages with the corresponding coned end of the boss of the disc, 
and the shaft is raised until its upper end is firmly pressed into the top guide- 
bearing. The revolving element is clamped in this manner. With further 
counter-clockwise turning, the jewel screw will unscrew itself from the sleeve 
B and will descend until its pin comes into contact with the small set screw T 




Fig. 291. 



in the lower half of the bearing post H, when further motion is stopped. To 
completely remove the jewel screw for renewals or inspection, this set screw 
must be taken out. It will be seen that only one operation is necessary to 
clamp the meter and to lower the jewel away from the ball pivot, so that the 
two cannot come into contact through a jar or blow, and consists in always 
turning the jewel screw in one direction. 
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When the meter is to be used, the spindle is lowered on the jewel bj 
turning the jewel screw in the clockwise direction ; it first ascends until its 
flange F bears a^inst the internal ring of the bearing-post H, on which the 
sleeve B descends and with it the spindle, until its pivot rests on the jewel. 
Access to the bearing can be had without removing the main cover of the 
meter, by removing the sealing screw from the hole in the cover below the 
jewel bearing. A screwdriver can then be inserted through this hole and the 
above operations carried out. 

In Fig. 292 is a sectional drawing of the latest type of Siemens-Schuckert 

footstep-bearing, differing in some details 
from the one just described. The shaft 
A has in this case a detachable, threadless 
ball pivot Z, which, in the working position 
of the meter, rests on the sapphire jewel B 
in the jewel screw F. The top of the jewel 
screw is fitted with a small cap H, which 
forms an oil chamber for the ball pivot, the 
opening of this chamber being just large 
enough to prevent the escape of any oil 
through shocks or jars. The jewel screw F 
works inside the bearing-post K, which is 
secured to the base of the meter by the 
lock-nut M. E is a movable sleeve, within 
the bearing-post K. This sleeve is pressed 
in the upwani direction by a spiral spring S, 
and is prevented from turning by a pin R. 
It has a small bush D attached to it, on 
the curved edge of which the pin T of the 
jewel screw F rolls on the rotation of the 
latter. In this manner the sleeve E is held 
down as long as the armature is free to 
rotate, when the head of the jewel scrQw F 
rests against the bearing-pillar K. 

The moving element is locked by lower- 
ing the jewel screw, when the sleeve E, 
owing to the pressure of the spring S, 
rises, engages with the boss N on the 
shaft A, and forces the shaft against the 
upper bearing. As soon as this is accom- 
plished, F will descend, if turned further 
in the same direction, initil it reaches the 
stop I^, in which position it is impossible for the shaft to press the pivot Z 
on the jewel B, although the armature during transit may be violently 
thrown downwards. It will be obser>ed that the detachable pivot must 
move with the jewel screw in its descent. On continuing to turn the jewel 
screw it may be completely withdrawn from the meter, together with the 
pivot. The advantage of this form of construction is that the jewel screw and 
the pivot are simultaneously taken out of a meter without disturbing the 
main cover. The pivot and jewel can be readily examined, and both a new 
pivot and a new jewel screw can be inserted in the meter without the constant 
of the meter being changed, and consequently a re-calibration is imnecessary, 
as these parts are accurately made to gauge, and are interchangeable. 
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Duncan 'Visual' Bearing. — The visual bearing used by the Duncan 
Electric Manufacturing Company, U.S.A., represents a departure from the 
bearings in common use in meters. The jewel bearing-post is threadless, and 
can be readily taken out and inserted again without the aid of a screwdriver 




Fio. 293. 



Fio. 294. 



or any instrument, and the pivot and jewel can be examined during the 
operation of the meter. The construction of the visual bearing and threadiest 
jewel post in the Duncan meter is illustrated in Figs. 293, 294, and 295. 
Fig. 293 is a front view of the bear- 
ing open, and Fig. 294 shows the 
bearing closed and the jewel post 
lowered for transit, while Fig. 295 
is a sectional drawing giving the 
details of construction. The bearing 
is provided with a collar * 8 ' on the 
jewel guide-post or support, which 
permits of an inspection of the jewel 
and the spindle pivot during the 
operation of the meter. When this 
collar is turned so as to expose the 
bearings, the detachable pivot may 
be removed with a small pair of 
tweezers, either through the opening 
in the collar or through the jewel 
post-hole in the shelf of the meter. 
The jewel post * 1 2 ' is held in 
position against the point of the 
spindle by a phosphor-bronze wire 

spring *14,' which fits hi the slot *e' provided in the head of the jewel 
post. The pivot *6' bears on the jewel *9,' seated in the plug '10,* which 
is supported by the spring * 11.' When the meter is being transported, the 
jewel post is lowered away from the spindle point, and the wire spring is 
placed in the groove * d ' in the side of the head of the jewel post. When 
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installing the meter, the wire spring is simply drawn enough to one side to 
allow the head of the jewel screw to pass it and to clear the groove, when the 
jewel post is raised and the spring again inserted in the slot at the bottom. 

Before removing the spindle pivot, the jewel post should be taken out to 
give more room in the operation. As already mentioned, the shaft is' 
magnetised, and the detachable pivot is retained in position by magnetic 
attraction. 

Stanley Magnetic Suspension. — In the model G induction meter of the 
Stanley Instrument Company, U.S.A., the rotating system floats in air by 
means of a magnetic suspension, which is illustrated in Fig. 296. 

The revolving parts consist of an aluminium disc and a soft steel 
vertical shaft, called the suspension core, to which the disc is secured, and 
which also carries the worm driving the dial train of the meter. 

The suspension core is magnetically supported by the permanent magnet Y 

which is fitted with the steel 
plugs, or pole bushings, A 
and B. Above the pole 
bushing A is a compression 
spring, between which and 
the bottom stud screw is a 
fine steel wire. This wire 
passes through the magnet 
plugs, and also through the 
central hole of the suspen- 
sion core. It is made taut 
by screwing up the stud 
screw, and so forms a perfect 
aligimient. The suspension 
core is slipped over the wire, 
on which it floats, supported 
by the upward magnetic 
attraction between its ends 
and the magnetised plugs. 

The lower end of the 
shaft is flanged larger than 
the body of the core, and, 
when the suspension magnet is not in place, the shaft will rest by gravity on 
the surface of the cup in the pole bushing H, but, due to a difference in the 
diameter of its flange and the cup, it does not touch the circumference of 
the cup at any point. 

In this manner a definite air-space exists between the periphery of the 
flange and the circumference of the cup. 

The upper end of the core is turned smaller in diameter than the body of 
the shaft ; when under the influence of the magnet, this end is just inside 
the recess in the upper pole bushing A, otherwise it is just below the edge of 
this recess. 

By means of the predetermined air-gaps surrounding the ends of the shaft, 
the magnetic fluxes at the top and bottom of the suspension core are 
localised, and the position of the shaft is perfectly defined under normal 
conditions. When the permanent magnet is placed iii position, a field is 
established between it and the rotating shaft through the pole bushings A 
and B, and the whole revolving element is attracted upwards. 
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The flanged lower end of the suspension core is lifted out of contact with 
the cup in B, and the upper end is just carried within the recess in A. 

The rotating element is thus held in a perfectly defined position in air, 
out of rubbing contact of any kind. 

The advantage consists in the reduction of bearing surfaces and mechanical 
friction to a minimum ; also an exact alignment is obtained by the steel wire, 
and a central axis many times smaller than can be mechanically produced 
by pivots. 




Fig. 297. 



The accuracy of the meter is thus independent of the disturbing 
influence of friction. 

Stuiley Rotated Jewel Bearing. — This company also use a very novel 
jewel bearing in their latest type of jewel bearing induction meter. The jewel 
is mounted in a carrier shaft, which, in its turn, is geared through a bevel gear 
to the last wheel of the integrating train, so that, as the disc revolves 
and drives the train, it also causes the jewel, which is of circular form, 
to revolve beneath the pivot, presenting a constantly renewed surface to 
the end of the pivot. In addition, the pivot is supported against a specially 
designed coil spring. The gear reduction is such that 1000 kilowatt- 
hours must be registered before the jewel completes one revolution, or, 
in other words, before the pivot of the meter spindle maken contact 
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again with the same spot or point on the jewel surface, no matter how 
slight the movement of the train gearing. A view of the revolving element 
of the meter is given in Fig. 297, showing the connection between it 
and the integrating train, also the method of rotating the jewel bearing. 
The effect produced by this change of the point of contact with the pivot 
is to polish the surface of the jewel. The shaft supporting the jewel, 
which is cup-shaped, is at an angle of about 45 degrees to the vertical 
meter spindle. In consequence of this oblique position of the jewel mider 
the pivot, the latter bears at the junction between the sides and the bottom 
of the cup, the junction being shaped to the proper curve. 




Fig. 298. 

The construction of the rotated jewel bearing is given more in detail in 
the sectional drawing. Fig. 298, from which it will be readily followed. The 
disc I is carried on the meter spindle L, the revolutions of which are 
transferred through the worm Q to the worniwheel R actuating the 
integrating train. The lower pivot M runs in the jewel A, set in the jewel 
carrier B, which is secured to the revolving bearing shaft E by means of the 
set screw C. At H are the bevel gears through which the jewel bearing spindle 



SOME MECHANICAL FEATURES IN METER DESIGN. 



297 



E is driven from the integrating train. Displacement of the meter shaft is 
prevented by the bracket S. The weight of the revolving element (disc and 
spindle) is supported by the spring P within the hollow meter axle, and no 
clamping device is required. The pivot M is removable by unscrewing N. 
The object of the pivot-stop within the spring P is to prevent the disc 
spindle from descending far enough 
for the upper pivot T to come out 
of the guide-screw U. 

Evershed Mi^inetic Suspen- 
aion. — Mr Evershed, in his friction- 
less motor meter, also uses a magnetic 
suspension, the details of which are 
given in Fig. 299, which is a section 
through the magnetic pivot. The 
upper end S of the axle of the meter 
is held in position by the magnetic 
attraction of the iron rod R, which is 
screwed in the iron yoke Y, mag- 
netised by the brake magnets M. 
The axle is prevented from being 
displaced by means of the guard 
ring g. The distance between R and 
the upper end of the axle can be 
adjusted until the upward magnetic 
attraction very nearly balances the 
whole weight of the armature, brake, 
and other parts attached to the 
meter spindle. 

Upper Bearing. — The upper bear- 
ing, in general, presents no novel 
features, being mostly a guide bearing 
to keep the meter central. In the 
induction meter, type W, of the Fort 
Wayne Electric Works, U.S.A., the 
upper bearing is made flexible. The 
top end of the meter spindle is 
hollow, and rotates about a flexible 
steel shaft mounted in the top bear- 
ing screw. A small phosphor-bronze 
bearing collar encircles the point of 
the flexible steel shaft, so that friction 
is practically eliminated; and al- 
though the hollow end of the meter 
spindle permits lubrication, it is not 
found necessary. The lower end of the shaft is highly polished and hardened, 
and rests on a spring-seated jewel in the usual manner. 

Integrating Mechanisms. — The integrating mechanisms used in meters 
are generally of two kinds, and consist of cither the ordinary dial register with 
hands or pointers travelling over circles, or the cyclometer type of counter in 
which the figures either crawl or jump into position successively, and appear 
in slots in the face of the dial. 

The first motion wheel of the integrating train is usually driven direct 
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from either a worm or pinion ou the meter shaft. In the Ferranti continuous 
current meter the connection between the meter spindle and the dial frame is 
made through an intermediate swing train of wheels illustrated on page 
39. The registering mechanisms used are clearly shown in the illustra- 
tions accompanying the descriptions of the various meters included in the 
preceding chaptei-s. 

To distinguish between the hitegral and decimal parts of the Board of 
Trade unit, the numbers denoting the decimals are generally coloured red. 

Dial E^ister.-^In the ordinary dial register the hands on the spindles of 
the different wheels rotate round circles, and no two adjacent hands revolve 
in the same direction ; i.e. if the unit hand turn clockwise, the tens hand will 
go roimd in the counter-clockwise direction, and so on, the figures being 
marked round the dial circles in a corresponding manner. To facilitate the 
reading of the dials, so that the figures are always read in the same direction, 
clockwise, Messrs Mix & Genest, Berlin, supply a dial register in which every 

other hand is stationary, 
and the dial circle corre- 
sponding to the fixed hand 
rotates. The figures ou 
each rotating dial circle 
always appear the right 
way up as they pass 
the fixed pointer. Messrs 
Hartmann <fe Braun, Frank- 
fort, on the other hand, 
use a register with all the 
hands revolving in the 
same direction. 

Cyclometer Counter. — 
A cyclometer counter has 
the great advantage over 
the ordinary dials with 
pointers, that an error can- 
not be made in taking the 
reading, as all the figures appear in one row, provided any two successive 
figures of the same number disc cannot show partially through the dial open- 
ing. Various constructions are used to prevent the numbers, owing to the 
very slow motions which take place in meters, from remaining in intermediate 
positions, whereby uncertainties are occasioned. The change from one number 
to the next higher one should be made suddenly by means of an intermittent 
motion of the number disc, so that it does not rotate continuously, as in the 
ordinary dial register and in the crawling type of cyclometer counter. Fig. 
300 is an illustration of the jump cyclometer counter used by the Electrical 
Compiuiy, Limited, London. 

Aron Spring Cyclometer Counter.— The counting train used in the Aron 
meters consists of a set of intenuittently moving number discs which spring 
behind the openings in the dial, and not more than one figure can possibly 
show at a time through the aperture. The last of the discs, which is the first 
viecimal place of the B.O.T. unit, revolves continuously, and the second and 
third places of decimals are given, for testing purposes, on small dials pro- 
vided with moving pointers in the usual manner. These dials are, however, 
covered when the case is in position. The counter is shown in Fig. 301. B 
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is the continuously moving disc, and, as it rotates, it constantly winds up a 
small hairspring C. Each time the disc B completes one revolution and its 
zero figure comes in front of its dial opening, the hairspring is released and 
actuates the first springing disc A through a 1 to 10 cogged gearing. In this 
manner the consecutive numerals on the disc A are brought suddenly, one at a 
time, in front of the aperture, and each time a figure so appears the disc is 
locked until B has completed another revolution, when the same action takes 
place. The spring thus throws over the unit numeral 1 division, and is of 
sufficient strength to move, without sticking, all the dials, or as many of 
them as may be ready to move to the next higher figure. The diflFerent discs 
gear with one another by means of cogged wheels, as shown at W and W^ (Fig. 
301). Only at one point in the revolution of each disc does the cogged wheel 
gear into that of the next disc, so that the figures are locked in all intermediate 
positions. When the number 999 has been reached, each of the single te6th 
is ready to mesh with the cogwheel next to it, and as soon as the zero 
figure on the moving disc appears through the hole in the dial, the hairspring 
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swings all the discs together through one division, when they again become 
locked. 

Siemens-Schuckert Weight Cyclometer Counter. — In the jump counters 
used in the Siemens-Schuckert meters the intermittent motion of the number 
discs is accomplished by means of a single weight rotating round the axis of 
one figure disc. The small amount of work required to lift the weight is 
independent of the numl>er of figure discs to be moved at the same moment. 
The general arrangement is shown in the drawing in Fig. 302. 

The motion of the armature spindle is transmitted by a worm on the 
axle to a wormwheel, connected to a counting mechanism fitted with rotating 
number discs. The first right-hand number disc is driven proportionally 
to the speed of the armature, while all the other discs move suddenly from 
one figure to the next. The worm k on the meter shaft is shown in the 
illustration driving direct the toothed wheel a, whereas, in general, the worm 
drives this toothed wheel through an intermediate wormwheel and pinion. 
On the axle of a is rigidly mounted the first number disc, which usually 
gives the finst decimal place of the B.O.T. unit. The ann g, with the two 
pins / and /t, is also rigidly connected to the axle of a, whereas the falling 
weight h and the transfer disc c are both loosely pivoted on it. As the 
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wheel a rotates, arid with it the ami g, the pin / of the latter carries the 
weight h round with it, until it reaches the top position in which it is shown 
in the drawing. As g rotates further, the centre of gravity of the weight will 
come beyond the vertical line through the centre of rotation, and the weight 
will overbalance and fall to the bottom position. During its fall it carries 
round the transfer disc c, bringing the pin t into the position t', whereby the 
toothed wheel d is moved through one tooth. The figure disc e is rigidly 
connected to the axle on which is motmted the toothed wheel c?, and is, in 
this manner, turned through one-tenth of a revolution, the next number 
becoming visible in the diai aperture. By means of similar transfer discs, 
rigidly mounted on the following axles, as many number discs as are necessary 
can be used. It will be remembered that the first number disc rotates con- 
tinuously, so that an error may occur if the reading be taken just at the 





Fig. 302. 



moment when the change is being made to the next higher numeral on tlie 
first intermittently moving number disc, which gives the unit figures. The 
reason is that the zero figure of the first decimal place always appears, due 
to the continuous rotation of its disc, just before the unit figure is changed, 
although the next higher unit figure appears very shortly afterwards. To 
eliminate any error due to this cause, an extra disc is used, rigidly attached 
to the first transfer disc and weight. The unit figure disc, which is 
connected to the axle of the wheel a, has marked on it the figures 1 to 8, 
which, therefore, revolve continuously, the portion of the disc being cut 
away where the figures 9 and should be. These figures, 9 and 0, are 
marked on the extra number disc, and are arranged diametrically opposite 
one another, and in each half of their revolutions they move suddenly, due to 
the weight. The two discs are placed behind one another, and their figures 
appear in succession opposite the same dial opening, the 9 and the moving 
in turn suddenly into position. In this manner the zero figure of the first 
decimal place and the next higher unit figure can only appear simultaneously. 



CHAPTER XIV. 

METEE TESTING. 

General Remarks —Meaning of Testing Constant— Calculation of Percentage Error— Testing 
Motor Meters — ^Testing Oscillating, Clock, and Electrolytic Meters—Determination of 
the Losses in a Meter— Testing Meters in n7te— Portable Meters for Testing. 

Gteneral Eemarks. — All measuring instruments require to be calibrated, 
adjusted, and tested by comparison with standards of reference to ensure their 
proper working, and to no class of electrical apparatus does this apply more 
forcibly than to electricity meters, on the accuracy and reliability of which 
depends the revenue of the supply station. 

A comprehensive treatise on meter testing would require a volume to 
itself, and should not only give the methods of testing meters of different 
types, but also actual tests carried out under different conditions with a full 
explanation of the results, descriptions of the standard testing instruments 
employed and their limitations, the proper equipment of a meter testing 
department, and descriptions of some typical testing institutions. This is 
quite beyond the scope of the present work, and in this chapter it is only 
intended to give a brief outline of the testing of meters after they liave been 
adjusted and calibrated at the factory. 

The calibration of a meter is the operation by means of which the 
measurements effected by it are compared with the simultaneous measure- 
ments of standard testing instruments, the character of which depends on the 
nature of the particular type of meter. The adjustments of a meter are the 
alterations which have to be made to the different elements of the meter in 
order to adapt it to the circuit for which it is intended, and to bring it into 
accord with the current or watt measurements, as given by the standard 
testing instruments. The testing of a meter is the checking of the same after 
it has left the meter factory, in order to ascertain whether it has been accur- 
ately adjusted and calibrated, and is in proper condition, fit for installation in 
a consumer's premises. A meter should also be periodically and systemati- 
cally tested in siiu, to determine whether it is working correctly imder the 
conditions which prevail in actual practice, and to detect any irregularities or 
faults which may have arisen during its use. 

In the meter factory the component parts of a meter are subjected to a 
scries of both mechanical and electrical tests and close inspection during each 
step of manufacture, when the parts have been assembled, and finally 
in the testing department, where the finished instrument is accurately 
adjusted and calibrated. It should not be necessary, once the meter cover 
has been put on and sealed, for such adjustments to be changed. If, when 
subsequently tested, the meter should be found to be incorrect, the adjust- 
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ments should be altered by the manufacturer only ; in fact, all adjustments 
ishould be sealed. 

In a motor meter the jewels and pivots have to be microscopically examined, 
as well as the wheels and pinions of the registering train, and the worm on the 
spindle ; the exact strength of the spring supporting the jewel in the jewel 
screw must be carefully gauged, that it is of the correct value in relation to 
the weight of the moving part, which should be accurately balanced and 
centred. All contacts, especially those to the commutator, if any, and the 
state of the commutator, have to be examined, and the correct pressure of the 
brushes on the commutator has to be regulated. Particular care must be given 
to the manufacture of the permanent magnets, so that they will withstand 
temperature variations and vibration, and still retain their original magnetic 
strength for extensive periods. When the magnet has been made, it is tested 
either by the ballistic galvanometer or the magnetometer methods, and is 
stored for several months. Before its actual inclusion in a meter it is re- 
tested, and if it should not exactly measure as originally it is discarded. The 
different circuits of the meter have to be tested for conductivity and insula- 
tion, and are subjected to pressures greatly in excess of the normal voltage of 
the supply circuit. In general, the meter department of a manufacturing 
company is well supplied with modem and accurate standardising instruments. 
The actual methods and arrangements adopted vary in detail to suit the 
particular requirements of the factory for quickly and accurately testing and 
adjusting large quantities of meters on a commercial basis. 

Every supply station should have a meter department equipped with a 
full complement of accurate testing instruments, testing racks free from 
vibration, incandescent lamps and adjustable resistances, which can be suitably 
arranged for keeping any particular load constant, and will at the same time 
give a wide range of load, and choking coils for inductive loads. The testing 
circuits should be fed with current from an independent source, and not with 
current from the supply mains. For testing energy meters two distinct and 
independent testing circuits should be used, the one for the pressure circuits 
and the other for the main current circuits of the meters. Whenever possible, 
this method should be adopted both for direct current and alternating current 
energy meters. Only the best standard instruments should be used. It 
must be remembered that a high degree of accuracy is demanded of a meter, 
in some cases unnecessarily high; and tests become quite valueless when 
carried out with inferior instruments, with want of care, and unless the 
voltage and current are both kept constant ; above everything, a test should 
be accurate and reliable. 

The necessary instruments are ammeters, voltmeters, wattmeters, and 
accurate stop-watches. A potentiometer is a highly accurate and useful 
instrument for measuring both currents and pressures, and is largely used in 
many supply stations and testing laboratories, and Kelvin ampere and watt 
balances are also employed for accurate work. Special care should be given 
to the selection of a reliable and accurate stop-watch, as the average stop- 
watch is not always correct at all points of its dial. It should be frequently 
checked when in use, and examined for any zero error. The hand should 
return to zero without springing back into position. The moment the key is 
pressed the hand should be released and start to indicate the time, with the 
second depression it should be immediately arrested, and on pressing a third 
time it should move at the ordinary rate to the zero position, on arriving at 
which it should stop. Testing sets for insulation and ordinary resistance 
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measurement are also necessary and low reading voltmeters. Ammeters and 
wattmeters of different ranges should be employed, the actual number and 
range of each depending upon the capacities of the meters to be dealt with. - 

A meter has to be tested over a wide range, from one-twentieth or one- 
tenth of full load to the maximum load capacity of the circuit for which it is 
intended, and it is of the greatest importance that the current or watt 
measurements, or both, should be equally accurate and reliable at every test 
load. This is not possible with a single instrument, admitting at the same 
time of a wide range ; and a small error in a reading at a low load introduces 
a considerably larger percentage error than the same actual error at a high 
load. 

The various tests which should be made on a meter, with special reference 
to the motor type, are — speed tests for accuracy at different loads ; a time 
test ; the determination of the losses in the meter, i.e, the loss in the main 
circuit and that in the shunt circuit ; the effect of varying the pressure ; the 
effect of varying the frequency (if an alternating current meter) ; the effect of 
temperature changes; the effect of stray fields, a test for creeping, and 
the effect of a short-circuit current passed through the meter. Were it 
not for the disturbing influence of friction, especially at light loads, it 
would only be necessary to conduct one test at full load. As, however, 
the law of the motor meter is not a straight line law, it becomes necessary 
to test it at different points throughout its range, and the low load tests 
are, perhaps, more important than those at full load and above, as generally 
a meter is working in service very much below its rated capacity. The speed 
tests consist in checking the speed of the meter disc or spindle at different 
loads, usually between one-tenth and full load, and for this purpose the 
* testing constant ' of the meter has to be used. Practically, a speed test is 
the determination of the percentage difference of the testing constant from its 
declared value. The time test is, in general, undertaken with the object of 
ascertaining the condition of the registering gear and train, and consists in 
sending a suitable current through the meter, and maintaining it constant for 
some time, comparing the actual units consumed in the particular interval with 
the units registered by the meter. It gives a general idea of the behaviour 
of the meter. It can be readily carried out by comparing the registration of 
the meter under test with the units given by a standard meter, when it is 
unnecessary to keep the load constant. 

Meaning of Testing Constant. — The testing constant of a motor meter is 
the relation which exists between the correct speed of the meter armature and 
the load. It does not in any way refer to the meter dials, which generally 
give the units consumed without the use of a multiplier or constant. 

As this testing constant is variously expressed by different meter makers, 
it is most essential to understand exactly what it represents in each case. In 
ampere-hour motor meters the testing constant connects the speed of the 
armature, or disc, with the current. It may be expressed as the number of 
amperes per revolution per second, the number of ampere-seconds per revolu- 
tion, or tne number of revolutions per second per ampere. Instead of using 
the second as the imit of time, in some cases the minute or the hour is 
chosen, and this also modifies the meaning of the testing constant. In energy 
motor meters the testing constant connects the speed with the power in watts. 
A very general way of expressing it is, that it represents the number of watts 
per revolution per second. In certain energy motor meters the testing 
constant is the number of revolutions per minute per 1000 watts, in others it 
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means tlic watts per revolution per 100 seconds, the revolutions per watt- 
hour, also the watt-seconds per revolution. It may further mean the niunber 
of watts per revolution per hour or per minute. 

Difficulties would be avoided if the testing constant of a met<er had a 
precise and universally-accepted definition assigned to it. Its actual value 
would depend, as it does at present, on each meter, but it would always have 
the same meaning for the same type of meter (quantity or energy), and onlj 
one form of the corresponding testing formula would be required. The 
formula required in testing an energy motor meter is easily deduced in the 
following manner : — 

N = any convenient number of revolutions of the meter disc. 

T = the correct time in seconds required for this number of revolutions. 

T' = the observed time in seconds taken by the disc in executing N 

rotations. 
C = current in amperes. • 
V = pressure in volts. 
W = actual load in true watts. 
K = testing constant of meter. 

(A.) K denotes the nimiber of watts per revolution per second. 
When the meter is correct, then 






Proof : — 



1 revolution per second = K watts. 

N 
X revolutions in T seconds = K watts. 

This must be ecjual to the watts W measured by the wattmeter, when 
the meter is correct, 

T ' 

ue, K = W.T. 

or (1) Testing Constant = Waite^ x Seconds . 

devolutions 

The above may be variously expressed Jis follows : — 

/o\ \r f+ Testing Constant x Revolutions 

\^) \> acts — — • • 

Seconds 

(3) Revolutions = Second^ jL^VVatte . 
Testing ("onstant 

li\ ^ H — I^v^l^i^i^ns X Testing Constant 
^ ) . econ s Watts 
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(B.) If K be expressed in watts per revolution per minute, then 

(C.) If the constant represent the watts per revolution per hour, then 

^ WxT 

3600 xN" 
(D.) When K denotes the revolutions per minute per 1000 watts, then 

eOxlOOOxN 



K: 



WxT 



From the above examples no difficulty will be experienced in obtaining 
the correct formula to correspond with any particular testing constant. With 
ampere-hour motor meters the current C amperes must be substituted for the 
watts W. In a direct current system the power in watts (W) equals the 
product of the current and voltage (O.V) ; in an alternating current system, 
however, the power W includes the power factor of the circuit, ue, W=C.V. 
cos ^. 

Calculatioii of Percentage Error.— The actual error at any load is 

T-T' 
T-T, and the percentage error is — x 100. When this expression is 

positive the meter is fast, and is slow when it becomes negative. The correct 

time T is computed from the formula, and T' is the observed time. The 

percentage error can be determined in a number of ways ; it may be calculated 

from the standard, measured watts and the watts as given by the meter, using 

the declared value of the testing constant and the observed values of the 

revolutions and the time, from the observed revolutions per minute of the 

meter disc and the calculated number of revolutions per minute, or from 

the declared value of the testing constant and from its value deduced from 

the formula, using the observed values of the watts, time and revolutions. 

If the percentage error be estimated from the watts, then, assuming K to 

represent the number of watts per revolution per second, the meter will from 

K N 
its speed indicate -^ watts, whereas the wattmeter reading is W watts. The 

K N rp/ VV 

actual error is ' , - W , and the percentage error is — ^ ^ x 100. If this 

expression be negative, it means that the meter is reading low, and it will be 
reading high when the expression is positive. 

From the percentage error table for fifths of a second given below, 
the percentage error may be readily obtained without having to work it 
out. The table is based upon one supplied by the Duncan Electric Mfg. 
Co., U.S.A., and can be used directly without any special interpretation. 
This is not the case with the American table, as it is calculated from the 

T-T' 

formula , x 100 , which is t^t the one accepted here. The method of 

using the table is very simple. It is only necessary to adjust the load on 
the meter until the revolutions, supposing the meter to be correct, will 
require exactly one minute to be completed. The number of revolutions 

20 
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Per Cbnt. Error Table for Fii-ths of a Second. 



Time in 


Per Cent. 


1 Time in 


Per Cent. 


Time in 


Per Cent. 


Time in 


Per Cent 


Seconds. 


Fast. 
88 •OO 


, Seconds. 
60^20 


Fast. 
16-33 


Seconds. 
60 "20 


Slow. 
0-33 


Seconds. 


Slow. 


40-20 


70-20 


17-00 


•40 


32 67 


-40 


16-00 


-40 


0-67 


•40 


17-33 


•60 


32-33 


•60 


16^67 


•60 


100 


•60 


17-67 


•80 


32-00 


-80 


15 33 


•80 


1-33 


•80 


18-00 


41-00 


31 ^67 


51-00 


16-00 


61-00 


1-67 


7roo 


18-88 


•20 


31 •SS 


, -20 


14-67 


•20 


2-00 


•20 


18-67 


•40 


31-00 


! -40 


14-33 


•40 


2-38 


•40 


19-00 


•60 


30^67 


•60 


14 00 


•60 


2-67 


•60 


1983 


•80 


30 ^33 


-80 


13-67 


•80 


3 00 


•80 


19 ^67 


42^00 


80 00 


52-00 


13 -33 


62^00 


3-33 


72-00 


20-00 


•20 


29^67 


•20 


13-00 


•20 


3-67 


•20 


20-33 


•40 


29-33 


•40 


12-67 


•40 


4-00 


•40 


20-67 


•60 


29-00 


•60 


12-33 


•60 


4-33 


•60 


21-00 


•80 


28-67 


•80 


12-00 


-80 


4 67 


•80 


21-88 


43-00 


28-33 


63-00 


11-67 


1 63-00 


6-00 


73^00 


21-67 


•20 


28-00 


•20 


11-33 


-20 


6-33 


•20 


22-00 


•40 


27-67 


•40 


11-00 


-40 


5^67 


-40 


22-38 


•60 


27-33 


, ^60 


10-67 


•60 


6-00 


•60 


22-17 


•80 


27-00 


! -80 


10-33 


•80 


6-33 


•80 


23-00 


44^00 


26^67 


1 54^00 


10-00 


64^00 


6-67 


74^00 


23-83 


•20 


26 33 


•20 


9^67 


•20 


7-00 


-20 


23-67 


•40 


26-00 


•40 


9-33 


•40 


7-33 


•40 


2400 


•60 


25-67 


•60 


9-00 


•60 


7-67 


•60 


24-83 


•80 


26-33 


•80 


8 67 


•80 


800 


•80 


24 67 


45^00 


26^00 


55-00 


8^33 


65-00 


8-33 


75^00 


25-00 


•20 


24^67 


-20 


8^00 


-20 


8 67 


•20 


25-83 


•40 


24 33 


•40 


7-67 


•40 


9 00 


-40 


25 67 


•60 


24^00 


•60 


7-33 


-60 


9-33 


•60 


26-00 


-80 


23^67 


•80 


7-00- 


-80 


9-67 


•80 


26-38 


46^00 


•23 33 


, 66^00 


6-67 


66-00 


10-00 , 


76 00 


26-67 


•20 


23-00 


•20 


6-33 


•20 


10 33 


•20 


27-00 


•40 


22-67 


•40 


6-00 


•40 


10-67 ' 


•40 


27 33 


•60 


22-33 


•60 


5-67 


•60 


11-00 


-60 


27-67 


•80 


22-00 


•80 


6-33 


-80 


11-33 


•80 


28 00 


47^00 


21-67 


1 57^00 


5-00 


67 00 


11-67 


77^00 


28-33 


•20 


21-33 


•20 


4-67 


•20 


12-00 . 


•20 


28-67 


•40 


2100 


•40 


4-33 


-40 


12-33 1 


•40 


29 00 


•60 


20-67 


•60 


4-00 


-60 


12-67 ' 


•60 


29-38 


•80 


20-33 


•80 


3-67 


•80 


13 00 


•80 


29-67 


48^00 


20 00 


58-00 


3 •33 


68-00 


13'33 


78^00 


30-00 


•20 


19-67 


•20 


3 00 


-20 


13-67 


•20 


30-33 


•40 


19-33 


•40 


2-67 


•40 


14-00 


•40 


30-67 


•60 


19 00 


, -60 


2-33 


•60 


14-83 


•60 


^1-00 


•80 


18-67 


' •SO 


2-00 


•80 


14-67 


•80 


3133 


49-00 


i8-3a 


59-00 


1-67 


69-00 


15-00 


79^00 


81 •e? 


•20 


18-00 


•20 


1-33 


•20 


15-33 


•20 


3200 


•40 


17-67 


•40 


1-00 


•40 


15-67 


•40 


32^38 


•60 


17 33 


•60 


0-67 


-60 


16 •OO 


•60 


32-67 


•80 


17^00 


-80 


0-33 


•80 


16-33 


•80 


33-00 


60-00 


16^67 


60-00 


0-00 


70-00 


16-67 


80^00 


3833 
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per minute at the particular load is calculated from the testing formula. In 
the case of a Duncan meter the formula is 

W 

= Revs, per min. 



Kx60 

The reason for the uumf>er 60 in the denominator is because the constant of 
the Duncan meter is the number of watts per revolution per hour. If the 
testing load he, 6000 watts, and the meter be of 100 amperes capacity and 
110 volts pressure, the number of revolutions per minute should be 

6000 6000 



K X 60 4 X 60 



= 25. 



(K in this case is 4.) 

The tester notes the exact time in seconds required for the 25 revolutions 
to be executed by the meter disc at the load of 6000 watts, and then refers to 
the table. If the time be exactly 60 seconds, the meter will have no error ; 
if, however, it be 58*4 seconds, the meter is 2*67% fast, as per table. If it 
should take 55*8 seconds to make the 25 revolutions, it would be 7*00% fast; 
again, if the time were more than 60 seconds, say 61 8 seconds, the error 
would be 3-00^ slow. 

Testing motor Meters. — In carrying out a speed test on a motor meter 
the revolutions are accurately counted by noting the appearance or dis- 
appearance of the mark on the meter disc through the observation window in 
the meter cover. In slow rotations an error may be made at the moment of 
stopping the stop-watch at the termination of the test, owing to the mark on 
the periphery of the disc being, in general, a fairly large spot, so that the 
completion of the last rotation is not always noted in the correct position. 
In other words, unless care be taken, the watch may be stopped too soon or 
too late. The observation window should have engraved on it at its centre 
a small line parallel to the meter axis, and a corresponding Hue should be 
made on the coloured portion of tlic rim of the disc. This should make the 
observations more definite. If the meter be an ampere-hour meter, it is 
coimected to the testing circuit in series with an accurate ammeter; or a 
potentiometer, or Kelvin ampere balance is used. The meter must be 
supported in the vertical position, and the locking device, if any, must be 
released before current is passed through the meter. The load is then 
adjusted to the correct value and is kept constant, and the speed observations 
are taken. This, of course, applies to any meter. In testing a three-wire 
ampere-hour motor meter, such as the three-wire 0*K. meter described on 
page 45, the two armature circuits are either connected in series and tested, 
or each armature circuit is tested separately at different loads. The pressure 
of the circuit need not be taken into account in conducting a speed test of an 
ampere-hour motor meter, except when the testing dials of the meter are used. 

In many meters the speed of rotation is too high at full load to be deter- 
mined by counting the rotations, and the testing dials are then read at the 
commencement and termination of the test. The testing dials are generally 
calibrated to read the decimal portions of the Board of Trade unit; the 
testing constant is then not required, but the value of the voltage of the 
meter must be used in computing the watt-hours, or B.O.T. units, from the 
ammeter reading and the time. When the testing dials are used the duration 
of the test should be so chosen that complete revolutions are made, as other- 
wise errors may creep in, due to discrepancies in the dial graduations. These 
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testing dials are diiFerently coloured from the remainder, and are only used in 
checking the meter. For the same purpose the decimal portions of a cyclo- 
meter counter are also differently coloured. In a time test on an ampere-hour 
meter, the voltage must also be taken into account in estimating the units 
consumed. 

When an energy meter is to be tested, a wattmeter, an ammeter, and a 
voltmeter must be used. The connections of the different instruments to the 
testing circuits must be made in such a manner that the shunt loss of the 
meter is not indicated by the testing instruments, and that the pressure 
currents of the voltmeter and wattmeter do not pass through the series 
circuit of the meter, otherwise incorrect results will be obtauied. The best 
method is to have two independent two- wire circuits, — a main current one for the 
load in which are placed the series circuits of the meters and the main current 
coils of the wattmeter and ammeter, and a potential circuit, across which are 
connected in parallel the pressure circuits of the meters, wattmeter and 
voltmeter. Even when two independent testing circuits are not available, a 
pair of potential leads should be branched from the main circuits on the 
supply mde of the meters and testing instruments, and the voltmeter and the 
pressure circuits of the meters and wattmeters should be connected to these 
leads. 

The energy motor meter is tested by either counting the revolutions 
of the disc and observing the time taken, or the testuig dials are read. 
Simultaneous readings of the wattmeter, ammeter, and voltmeter are taken, 
and during each test the current and voltage must be maintained perfectly 
constant. When the meter is for a direct current system the wattmeter is 
not essential, but is indispensable in the case of alternating current meters, 
and the ammeter and voltmeter must be used to determine the power factor, 
if any. In ascertaining the accuracy at different loads, in general, two 
ammeters and two wattmeters are necessary, and arrangements are made to 
short-circuit the terminals of the low-reading ammeter and wattmeter at the 
high loads. If the ammeter bo of the moving coil tj'pe, it is provided with 
different shunts to give the desired ranges, so that only one instrument is 
used. A three- wire energy motor meter, such as the Thomson type, may be 
tested by connecting both its main current coils in series and checking it as 
an ordinary two-wire meter, the armature circuit being energised at the 
proper voltage. It is also checked by testing each half of the meter as a two- 
wire meter at different loads, and the results obtained for the two halves 
should not differ appreciably from one another. The effect of the series coils 
on the armature may be tried by so connecting them that, with the same 
current, their magnetic fields oppose one another, when the armature should 
remain stationary. The armature must be connected to the potential leads 
during the test. This method is not satisfactory, from the fact that the 
armature does not rotate, and the effect of friction cannot, therefore, \ye 
observed. A three- wire energy meter should be tested on a three- wire circuit. 
Two wattmeters are then employed, the one being placed in the one half of 
the system and the second in the other half. The three-wire network should 
then be balanced and the meter tested, and the tests repeated with the two 
sides unequally loaded. 

When an alternating current meter is being tested, its accuracy must be 
determined not only on different loads with a power factor of unity, but also 
when the power factor is less than unity, say 0*7 and 0*5. It is also 
necessary to keep the frequency constant, and some fonu of suitable frequency 
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iudicator should bo used. Induction meters are ati'ected by variations in 
periodicity, and the frequency should be accurately known. It may be easily 
determined by taking the revolutions of the alternator with an ordinary speed 
counter, and is calculated from the following formula : — 

. , , J Revs, per minute x No. of poles 
Cycles per second = *- — — ^ 

A very general method of testing a polyphase motor meter is to check 
each half of the meter in the same manner as a single-phase two-wire 
induction meter. Both the pressure circuits of the meter are placed across 
the testing mains, but current is only sent through one main current coil at a 
time. A series of tests is made with this current coil in circuit ; it is then 
entirely disconnected, and the current is passed through the other main circuit 
of the meter, when the tests are repeated. The usual standard indicating 
instruments are used. It is most important, in using this method, that both 
the pressure circuits are always energised during the test, whichever half of 
the meter is under examination. If this precaution be overlooked, the results 
will be incorrect, owing to the braking action of the shunt flux of the un- 
loaded half of the meter; the determinations would all be too high. The speed 
of the meter disc will, with this method, be half the speed when both sides 
are loaded, i.e. with the meter connected to a polyphase system, and this fact 
must be taken into account in using the testing consttint. Checking each half 
of the meter in this manner has the advantage of indicating the state of 
balance of the two drivhig torcjues of the meter; they should be almost 
exactly equal. When the meter has been properly adjusted and calibrated, it 
should only be necessary for such tests to be quickly conducted at a couple of 
loads, when the meter should be checked as a polyphase meter in a polyphase 
circuit. For this purpose, taking a three-phase three- wire meter, it should be 
coimected to a three-phase three-wire network, when two wattmeters must be 
used. The wattmeters are joined to the system on the two-wattmeter 
method of connection, and the sum of their simultaneous readings gives the 
total three-phase power. Three ammeters and three voltmeters should also 
be employed. The meter should then be checked at different loads, both witli 
the system balanced and inibalanced, first with loads of unity power factor, and 
then with loads containing either self-induction or capacity. In the case of a 
three-phase four-wire meter, three wattmeters must be employed in order to 
obtain the true three-phase power. The mani current coils of the wattmeters 
are placed in the three supply mains, and the pressure circuit of each 
wattmeter is connected between that supply main in which its main current 
coil is hiserted and the fourth or neutral conductor. The method of con- 
nection is exactly the same as that shown in Fig. 184 on page 188 to illustrate 
the measurement of the energy consumed in a three-phase four- wire system 
by means of three induction meters. In every case when an energy meter is 
being tested, care must be exercised that no pressure current passes through 
the main current circuits of the meter (or meters) and those of the indicating 
instruments. This is specially important when a number of meters are tested 
in series, and the pressure circuits should then always be completely isolated 
from the main current terminals of the meters and connected in parallel acrass 
the testing circuit. The arrangement of the terminals should admit of this 
without the necessity of disturbing the main meter cover. When an 
alternating current meter is to be used with a special current or pressure 
transformer or two such transformers, it should be tested, connected to the 
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transformer, or transformers, as for ordinary use, especially for inductive 
loads. 

Explanations of the adjustments of motor meters, especially those of 
the induction type, will be found in the descriptions of the different meters 
given in the foregoing chapters. The principal adjustment is that of the 
permanent magnets to control the speed of the meter at heavy loads, where 
the effect of any slight discrepancy -at light loads is not very appreciable. 
The other important adjustment is the regulation of the light-load or friction- 
compensating device for varying the speed on small loads. In addition, an 
induction meter has to be provided with a phase adjustment, so that its 
indications will be correct on loads having the usual power factors met with 
in practice. This also applies to each half of the polyphase meter. 

The effect on the indications of a meter of an increase or decrease in the 
voltage is readily determined by testing the accuracy at one and the same 
load with pressures applied to the testing mains, differing by 10 per cent, 
above and below the normal. Similar tests have to be taken for differences 
in frequency and temperature. Creeping is determined by energising the 
shunt circuit of the meter, with the mam circuit open, on a voltage 10 to 20 
per cent, in excess of the normal ; the meter disc should remain stationary. 
In testing a meter it should be in a position remote from magnets, bus-bars, 
or heavy current cables, the magnetic fields of which may influence its 
accuracy, ft might be advisable to test a switchboard, astatic meter, such as 
the Thomson type, in the vicinity of such magnetic fields, as it is impossible, 
for mechanical reasons, for the meter to be absolutely independent of the 
magnetic fields emanating from bus-bars, feeders, and heavy current con- 
nections, which, as a rule, do not occupy a symmetrical position relatively to 
the two armatures of the meter. The weakening effect on the permanent 
magnets of an abnormal current through the main circuit bf the meter is 
examined by subjecting the meter to a shortk;ircuit through a fuse of double 
the capacity of the meter, and afterwards taking speed tests at full load. 

Testing Oscillating, Clock, and Electrolytic Meters. — An oscillating meter, 
such as the Electrical Company's type described in Chapter V., is tested in 
the same manner as a motor meter. In counting the oscillations of the 
meter disc, care must be taken to include whole oscillations only. A complete 
oscillation corresponds to one rotation in a motor meter^ and is the passage of 
the meter disc twice in succession in the same direction through a given 
position. In the testing formula, X now means the number of oscillations, 
and K tsonnects the rate of oscillation with the power in watts. The method 
of checking an Aron clock meter is to take a time test, usually at full load 
only, as 'the law of the meter is a straight line law. The duration of each 
test should be an exact multiple of twenty minutes, as in this way errors due 
to want of synchronism are eliminated. The test for the creeping error of 
the Aron meter can only be taken by energising its pressure circuit, without 
load on the meter, for a week or longer, and noting the readings of the dials 
every day A non-creeping device is now attached to these meters. It con- 
sists of a small coil in the pressure circuit of the meter, and is placed so that 
it acts on one pendulum coil only, tending to drive the meter backwards. 
This backward movement is, however, prevented on no loa^l by a pawl 
attachment to the register. 

In electrolytic meters, such as the Wright shunted type and the Bastian 
un -shun ted meter, time tests have also to be taken. The meter is placed in 
tlie circuit, the current, usually a full load current, is maintained steady, and 
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the scale readings are carefully read during the test. In the Wright meter 
the temperature coefficient of the circuit comprising the fine wire resistance 
and the electrolytic cell should be tested for any change for a range of 10 
degrees Centigrade above or below the normal. Either a full load test is 
conducted at a temperature differing by this amount from the normal, or the 
resistance of the cell circuit is measured by a potentiometer at the normal 
temperature and at a higher one. In a properly adjusted meter, no difference 
will be found. The accuracy of the point at which the mercury syphons over 
in those meters fitted with the secondary 100-unit scale is examined by 
shaking over mercury until the mercury column stands at 97 or 98 on the 
unit scale ; a current is then passed through the instrument until the mercury 
flows over. The syphoning point should occur at the 100th division. The 
calibration of the Bastian meter may be quickly checked without passing 
current through the meter. Water is poured into the tube up to the lowest 
scale division with the electitxies inserted, when, by means of a burette, 
quantities of water are added equivalent to 10 or 20 units at the voltage 
for which the meter is calibrated, and the different levels noted. They should 
coincide with the correspondhig scale divisions. 

Determination of tne Losses iu a Meter. — Power is wasted in both the 
series and pressure circuits of an energy meter, but of the two losses the 
shunt loss is the more important. In a direct current meter the loss in the 
main current circuit is determined by measuring the drop at full load between 
the main current terminals of the meter with an accurate low-reading volt- 
meter, or a potentiometer may be used, and multiplying the drop in volts by 
the current in amperes. In general, it is only necessary to ascertain the drop. 
The shinit loss is found by measuring the resistance in ohms of the pressure 
circuit, when the quotient of the square of the normal working voltage of 
the meter by the resistance will be the watts lost in the shunt at this 
pressure. Before a measurement of the resistance is taken, the normal 
working voltage should be applied to the shunt circuit of the meter for quite 
an hour, with the meter cover on during this time. In fact, all measurements 
should be made without disturbing the cover of the meter. In many meters 
the removal of the cover will make a perceptible difference to the meter speed 
at full load. The shunt loss may also be determined by measuring the 
current in the pressure circuit. The product of the pressure and the current 
is the power wasted. The former method is, however, the simpler and better 
of the two. 

The above methods for obtaining the series and shunt losses are not 
applicable to a meter of the induction type, on account of the self-induction 
of its circuits. The shunt loss may be measured by means of an accurate 
low-reading wattmeter. The wattmeter is placed in the alternating current 
mains with the meter under test, but in front of the same, so that the only 
load on the testing mains is that due to the pressure circuit of the meter 
and is indicated by the wattmeter, care being taken that the pressure current 
of the wattmeter does not pass through its series coil. An approximate 
result may be obtained by connecting a number of meters of the same ampere 
capacity, voltage, and frequency to the circuit in this manner, the pressure 
circuits of the meters being all in parallel across the mains, and constituting 
the load. The aggregate watts lost in the shunts of the meters will be given 
by the wattmeter reading ; dividing this number of w^atts by the number of 
meters tested will give an approximate average value of the shunt loss per 
meter. The only advantage of the method is that a wattmeter of larger 
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capacity can be used. An accurate determination of the shunt loss niay be 
carried out by employing the three-voltmeter method of measuring power in 
an alternating current circuit containing self-induction. For this purpose 
three voltmeters and a non-inductive resistance are necessary. The non- 
inductive resistance is connected in series with the shunt circuit of the meter, 
and an alternating current pressure is applied to the terminals of the circuit 
so formed. The one voltmeter is connected direct across the circuit, the 
other is joined to the shunt terminals of the meter, and the third is placed 
across the non-inductive resistance. The total voltage applied and the non- 
inductive resistance must be so regulated that the pressure across the shunt 
of the meter is the normal working voltage for which it is intended. The 
watts dissipated in the shunt at this pressure are given by the following 
equation : — 

where r is the known value in ohms of the non-inductive resistance, V, Vj , 
and Vg being the voltages given by the three voltmeters, taken in order 
across the total circuit, the shunt of the meter, and the non-uiductive resist- 
ance. The advantage of the method is that it is totally independent of self- 
induction, but it has the disadvantage that, to render it sensitive, the volts 
Vg lost in the non-inductive resistance should be comparable with Vj. The 
power wasted in a circuit containing self-induction may be measured by the 
three-ammeter method. The circuit under test in series with an ammeter 
is shunted by a non-inductive resistance also in series with a second ammeter. 
The parallel circuit so formed is placed in one of the testing mains, in which 
is inserted a third ammeter, so that the currents in the branch circuits flow 
through it, three simultaneous readings of the ammeters are taken, and the 
power wasted is calculated from the formula 

where R is the resistance of the non-inductive shunt, A is the current in 
amperes by the ammeter in the main circuit, A^ is the current in amperes by 
the ammeter in the circuit having self-induction, and Ag is the ammeter 
reading of the current in the non-inductive shunt. The above two methods 
of measuring power in an alternating current circuit have the disadvantage, 
in common, that a small error in either the ammeter or voltmeter readings 
introduces a large error into the result, which depends on the squares of the 
readings. The drop in the series circuit of the induction meter is measured 
by means of a low-reading voltmeter suitable for measuring alternating 
current pressures. 

Testing Meters in situ, — A meter may give satisfactory results when 
checked at the station, and yet may develop serious faults after some months 
of continued use under the conditions which obtain in practice. It is, there- 
fore, not only desirable but important to systematically test the accuracy of 
a meter while in circuit. Such periodical tests show at once the condition 
of a meter, and are the only means by which faults can be detected. For 
testing meters in situ a step-wateh, a portable testing instrument, and a 
testing load are required. The testing load usually consists of resistances, 
or a number of lamps, arranged in a portable case provided with quick- 
break switehes for varying the load. The testing instrument may be either 
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a portable standard wattmeter, or a testing set consisting of a combined 
voltmeter and ammeter of the moving coil type, having various ranges. For 
an alternating current circuit the wattmeter should hivariably be used. 

The test may be conducted in one of two ways : either the consumer's 
lamps may be used for the load, when the testing instruments must be 
placed in the installation, or a separate circuit must be branched off the 
supply mains and the meter placed in it together with the artificial load and 
wattmeter, or ammeter and voltmeter. This latter method should always 
be employed, as it is independent of the consumer's load. With either 
method it is necessary to interrupt the consumer's circuit at the start and 
finish of the test, unless special connections, called test terminals, have been 




Fig. 303. 



installed with the meter. These connections consist of teiininals with short- 
circuiting bars or plugs, and they are either mounted in a separate and 
ix>rtable form on a slate or marble base, or are permanently attached to the 
meter. By their aid the operations incident to changing the meter from one 
circuit to the other and re-inserting it in the installation, or replacing it by 
a "new meter, may bo rapidly and easily performed without any interruption 
to the consumer's circuit. These testing connections are largely used on the 
Continent, and are made bv many ( 'ontinental manufacturers, diflfering only 
in form, arrangement, and the numlier of interconnections which have to be 
made. The test terminals of the Deutsch-Kussische Elektricitjitsziihler- 
(xesellschaft, Germany, are of very simple form, and may be regarded as 
typical of this class of meter accessory ; they also have the advantage that 
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only one screw plug need be manipulated in short-circuiting the meter, or in 
opening and closing a current circuit. The general appearance of the test 
terminals made by this company will be gathered from the illustrations in 
Fig. 303, of which the upper set is for a two-wire circuit, and the lower one 
represents the arrangement for a three-wire network. Referring to the two- 
wire test terminals in Fig. 303, the ends of the main current circuit of the 

A B C D 




Fig. 304. 



meter are brought to the terminals I and . Ill at the top, and the terminals 
I and II are connected by the bottom screws to one of the supply mains. The 
shunt terminal of the meter is connected to the terminal IV, which is joined 
to the other supply main. In this position, with the screw plug a inserted in 
its hole a' between the terminals II and III, the meter is connected to the installa- 




Fio. 305. 



tion for everyday use, as shown diagrammatically at A in Fig. 304. When 
the meter is to ))e tested on the artificial load, the screw plug b, Fig. 303, is 
first placed in the hole // between the terminals 1 and II, as illustrated by the 
diagram at B in Fig. 304. The meter is now short-circuited, and can, if 
necessary, be entirely disconnected and a new one inserted in its place. The 
screw plug a, Fig. 303, is then removed from the hole a', and the meter is 
ready for testing on the artificial load, after the necessary connections have 
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been made, as shown by the diagram at C in Fig. 304. The diagram at D 
illustrates the case when the meter is to be tested on the load of the installa- 
tion. The three-wire test terminals may be used in a similar manner. Fig. 
305 is a diagram giving the actual connections between the test terminals 
and the terminals of this company's two-wire meter. The shunt wire from the 
+ main to the test terminal, as in the diagram, must be of sufficient size to 
carry the whole testing current, as it will be seen, on reference to diagram C, 
Fig. 304, that this current passes through the shunt connection when the 
meter is under test on the artificial load. 

Aron Portable Meter. — For taking time tests a portable standard meter 
is very useful, such as the Aron portable type, illustrated in Fig. 306. It 




Fig. 306. 



differs in a few details from tlie oixiinary meter. The pendulums are balanced 
by counterweights, and controlled by flat springs which oscillate with the 
pendulums. One end of each spring is fixed to the pendulum rod, and the 
other end is attached to a support on the clock frame. These flat springs, 
which are also being hitroduced into the ordinary house-service meter, enable 
a much higher oscillation difference per hour to be obtained than in the 
ordinary type with gravity-controlled pendulums, in which it amounts to 
about 3000. The sensitiveness of ilie meter is thus largely incrciused. The 
portable type may be placed almost in any position without producing any 
adverse result in its registrations, the variation not exceeding 2J per cent. 
The slight inequalities in level usually found in practice will, therefore, 
not affect its accuracy. . These instruments are generally provided with 
two shunt circuits to enable them to be used on two different voltages. They 
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can be arranged with four different pressure circuits, and for both alternating 
and direct current up to 400 amperes. 

Thomson Portable Meter. — For tram-car testing imder running con- 
ditions, and for other classes of work requiring a portable ^instrument, the 
British Thomson-Houston Company use their meter illustrated in Fig. 307. 
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The meter is suspended within the case by metallic sprhigs, which absorb the 
jars and vibrations. For general car-testing the 25-ampere size is mostly 
used. 

In making a test with a standard meter the same care must be taken as 
regards the connections of the pressure circuits of the meter mider test and 
the standard as with a wattmeter, or ammeter and voltmeter. These pressure 
circuits must be so coiniectcd together in parallel across the mains, that the 
currents they take do not flow in the main circuit of either instrument. 
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Pbrcentaok Errors op Continuous Current Three-wire 
Enebot Motor Meters (see page 26). 

Tablk a. — Armature circuit of meter connected across the outer conductors of the 
three-wire system, — i.e. erwrgis§d by the total tfiree-wire voltage. 



Difference of Pressure 
between the Two Sides 

ejQiressedas 

Pei^iilllge of tlie Total 

Three-T^ire Voltage. 



Percentage Error. 





1 

2i 

5 

10 
1.*) 
•20 



10 per cent. 

Out-of- Balance 

Current. 





0-053 

0-132 

0-264 

0-529 

0796 

1064 



15 per cent. 

Out-of-Balauce 

Current. 





0-081 

0-203 

0-407 

0-817 

1-2-29 

1-648 



20 {ler cent 

Out-of- Balance 

Current. 





0-111 

0-278 

0-659 

1-123 

1-695 

2-272 



Xote. —The m^^ter reads high. 

Tablk IJ. — Aimature circuit of meter connected between the neutral main and one 
of the two otUer conductors, and enwgiaed by the greater of the tico voltages. 



Difference of Pressure 
I)etween the Two Sides 

expressed as 

Percentage of the Total 

Three-wire Voltage. 





1 

2h 

5 
10 
15 
20 





Percentage Error. 


10 percent. 


1 5 \ieT cent. 


Outof- Balance 


Out-of- Balance 


Current 


Current. 








1-063 


1-090 


2-635 


2-708 


5-277 


5-427 


10-582 


10-899 


15-915 


16-415 


21-276 


21-978 


you, —The mete 


r reads high. 
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20 iwr cent 

Out-of- Balance 

Current. 





1-112 

2-785 

5-586 

11-236 

16*949 

22-727 
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Table C. — Armature circuit of meter couuected between the neutral main and <me 
of the two outer conductors, and energieed by Uie syncUler of the two voltages. 



Difference of Pressure 
between the Two Sides 

expressed as 
Percentile of the Total 

Three-wire Voltage. 





1 

2i 

5 

10 
15 
20 



Percentage Error. 



10 per cent. 

Out-of- Balance 

Current. 





0-948 
2-371 
4-749 
9-523 
14-323 
19-149 



16 per cent. 

Out-of-Balance 

Current. 





0-920 
2-808 
4-613 
9-264 
18-953 
18-681 



20 per cent. 

Out-of-Balance 

Current 





0-889 
2-229 
4-469 
8-988 
13-559 
18-181 



Note. — The meter reads low. 

The above tables are based on the article "Behaviour of Continuous 
Current Three-wire Energy Motor Meters" on page 26, Chapter II., from 
which they can be readily verified. 



NEW ELECTROLYTIC METEBS. 

Since going to press some interesting electrolytic meters, embodying 
several novel features, have been brought out by Messrs Mordey & Fricker 
and by Mr S. H. Holdeu, the details of which were, however, received too 
late for publication. For this reason only a passing reference can be made 
to them. A very good description of the Mordey-Fricker prepayment electnv 
lytic meter will be found on page 549 of the ElecMccd RevieWy vol. 57, 1905 : 
and for the features of the Holden meters the reader is referred to the 
paper, "Two New Electricity Meters," read by Mr Holden at the meethig, 
December 13, 1905, of the Binnitujhavi Sectimi of the InsHMimi of Klecirical 
Engineers, 
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Double-tariff meters {see Two-rate meters). 



Double- tariff systems (.wv? Two-rate systems). 
Driving torque, 21. 
values of: — C\C. quantity motor meters, 
Table I., 12. 
O.C. energy motor meters. Table XL, 

13. 
single-phase induction meters, Table 
ni., 14. 
Duncan, T., 8. 
Duncan watt-hour meter, 57. 
annature shaft and detachable pivot of, 

287. 
visual bearing of, 293. 

Eclipse ampere-hour motor meter, tvi>e 
C.E.,47. 
induction meters, tyj)es F.E.O. and 

F.E.M., 180. 
watt-liour meters, 62. 
Effect of over-compensation and under- 
comuensation, 134. 
of wrongly connecting a three-phase thi-ee- 
wire meter, 190. 
Electrical Company's meters- 
ampere-hour, type R.A., 46. 
ball bearing of, 287. 
cyclometer counter of, 298. 
induction, type E.J., 135. 
oscillating, types K.(t. and 0., 77. 
switchboard, 103. 
three-phase, 200. 
two-meter battery system, 92. 
two-rate, 263. 
Electrical energy, 18. 

quantity, 18. 
Electrical Standards Laboratory, 5. 
Electro-magnetic action, 20. 

meters, 2. 
Electrolytic meter, 15. 
Bastian, 32. 
Holden, 818. 
law of the, 19. 
Mordey-Fricker, 318. 
Wright, 29. 
Energy, electrical, 18. 
Equations, general, 18. 
for a threiB-phase three-wire star system, 

120. 
for a three-phase three-wire delta system, 

125. 
for a three-phase three-wire system with 

four conductors, 128. 
for a three-phase three-wire systrm 
with three and with four conductors 
(comparison of), 1 31 . 
Error, calculation of percentage, 305. 
liniitii, 5. 

of the Board of Trade, 5. 
of the Physikalisch-Techniache Reichs- 
austalt, Germany, 6. 
Errors, percentage (C.C. tliree->\'ire energy 

motor meters), 317. 
Evershed frictionless motor meter, 66. 
magnetic suspension, 297. 
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Fkrsanti amnere-hour motor meters, 37. 
Ferranti-Hamuton induction meter, 160. 
Flat rate systemB, with and without dis- 
counts, 210. 
Fort Wayne induction meter, type K, 162. 
type W, 164. 

polyphase meter, 202. 

prepayment meter, 281. 
Fricker ampere-hour meter, 60. 

electrolytic prepayment meter, 818. 

maximum demand indicator, 251. 

prepayment meter (clock type), 287. 
Fnction, elimination of, 66. 
Frictional resistances (motor meter), 68. 
Frictionless motor meter, Evershed, 66. 
Function of an electricity meter, 1. 

Geipel k Langs— 

Vulcan house-sei'vice meter, 61. 
pre|)ayment meter, 280. 
General Electric Company, U.S. A. — 

high -torque induction meter of, 164. 

pivot used in metera of, 286. 

polyphase meter of, 206. 

prepayment meters of, 241. 

switchboard (astatic), 101. 

Thomson meter of, 66. 

tram-car meter of, 107. 

two-rate meter of, 266. 
General equations, 18. 

General principles of continuous current 
meters, 18. 

of single-phase and polyphase induction 
meters, 109. 
Guarantee, 9. 

Gutmann induction meter {see Brush- 
Gutmann), 167. 

Halle tariff system (A. Jung), 216. 
Hartmann k Braun ampere-hour meter, 48. 

energy meter (CO. ), 68. 

induction meter, 189. 
Heating effect of a current, 2, 26. 
Holden meters, 318. 
Hookham meters (see Chamberlain and 

Hookham). 
Hookham, G., on permanent magnet 

circuits, 7. 
Hopkinson, Dr John, 209. 
Hour meter system, 218. 

meters, 280. 

Impoktance of meters, 2. 
Induction meters — 

A.C.T., 171. 

Aron, 164. 

Bat, 166. 

Brush-Gutmann, 167. 

condition for use of one single-phase, 
(three-phase three-wire system), 189. 

Deutsch-Russische, 146. 

Eclipse, types F.E.G., F.E.M., 180. 

Electrical Comjiany's, 136. 

Ferranti-Hamirton, 160. 



Induction meters- 
Fort Wavne, 162. 
Sineral description of, 188. 
artmann k Braun, 139. 

Hookham, 149. 

lawof the, 111. 

Mix k Genest, 148. 

Scheeffer, 166. 

Siemens-Schuckert, 140. 

Stanley, 166. 

Thomson high-torque, 164. 

types B.L. and I.E., 177. 

Westinghouse, 149. 
Inductive and non-inductive loads, 114. 
Inductive loads, behaviour of three-phase 

three- wire meters on, 188. 
Integrating mechanisms, 2, 297. 
Intermittent integration, 2. 
International Electric Company's meters (see 

Mix k Genest). 
Introductory and general remarks, 1. 

Joule's law, 26. 

Jung, A. (Halle teriff system), 216. 

Kallmann, Dr M. (step-tariff system), 
212. 

Law of the chemical (electrolytic) meter, 
19. 
dock meter, 28. 
induction meter. 111. 
magnetic brake, 7. 
motor meter with brake, 21. 
without brake, 28. 
Losses in a meter, determination of the, 311. 
series and shunt, 9, 11. 
values of shunt, Table II. (aC), 13. 
TablellL (A.C.), 14. 
Luxsche Industriewerke, meters of the— 
Edipse ampere-hour, 47. 
induction, 180. 
double-tariff, 279. 
watt-hour, 62. 

Magnet, retentivity of permanent, 7. 
Magnetic brake, law of the, 7. 

field, rotatoiy, 110. 

suspension, Evershed, 297. 
Stanley, 294. 
Manchester system, 211. 
Maximum demand indicators — 

approved by the Board of Trade, 17. 

Aron, 248. 

Atkinson-Schattner, 260. 

definition of, 248. 

Fricker, 251. 

Merz, 266. 

Reason electro-magnetic, 266. 

Wright, 262. 
Maximum demand system, 211. 
Measurement of polyphase power, 120. 
Mechanical design, general, 284. 
Mercury electrolytic meter (Wright), 29. 

21 
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Alercury motor meters (ampere-hour) — 
Chamberlain & Hookham, 34. 
Ferranti, 37. 
(watt-hour) — 

Brush -Sangamo, 87. 
Chamberlain and Hookham, 69. 
Meter bearings, 287. 
Meters — 
approved by the Board of Trade, 16. 
battery, 91, 96, 96, 97, 99. 
calculation of percentage error in, 805. 
capacity of, 15. 
chemical, law of, 19. 
classification of, 1, 2. 
clock, 15, 28, 70, 95, 108, 108, 194, 246, 

272, 315. 
continuous current, general principles, 
18-27. 
quantity, 28-51. 
continuous current energy, of different 
types, 70-90. 
energy motor type, 26, 52-69. 
critertons of, 10. 
design of, mechanical, 284-800. 
electrolytic, 19, 29, 32, 818. 
electro-maj(netic, 20. 
importance of, 2. 
induction, 182-184. 
limits of error in, 5, 6. 
losses in, 9, 811. 

motor, 21, 38, 34, 37, 46, 47, 48. 
with brake, law of, 21. 
without brake, law of, 23. 
oscillating, 50, 77. 
polyphase, 185-208. 
prepayment, 222-247. 
quantity, 28. 
selection of, 11. 

single-phase and polyphase, general prin- 
ciples, 109-181. 
single-phase induction, 182-184. 
some requisites of, 8. 
switchboard, 99. 
tariff and hour, 248-283. 
testing, 301-316. 
tram-car, 107. 

with current and pressure transformers, 188. 
Miller reversible battery meter, 96. 
Mix k Genest direct current energy meter, 63. 

induction meter, 148. ^ 

Mordey-Fricker meters («^ Fricker). 
Motor meter with brake, law of, 21. 
without brake, law of, 23. 

Non-inductive and inductive loads, 114. 

O'K. BATTERY meter, 97. 

compounded meter, 44. 

three- wire meter, 46. 

two-wire meter, 43. 
Over- and under-compensation, 134. 

Peloux meter (Siemens-Schuckert), 85. 
Percentage errors of C.C. three-wire energy 
motor meters, 317. 



Permanency of calibration, 7. 

Phase compensation, methods of, 183. 

difference between pressure and main 
current fields, 138. 
Physikalisch-Technische Reiohsanstalt, Ger- 
many, error limits of the, 6. 
Pivot of meter of General Electric Company 

(U.S. A.), 286. 
Polyphase meters, 185. 

A.C.T., 201. 

Aron, 194. 

Bat, 199. 

Deutsch-Russische, 201. 

Electrical Company, 200. 

for a three-phase four- wire system, 187. 

Fort Wavne, 202. 

feneral description, 187. 
iemens-Schuckert, 202. 

Thomson, 206. 

Westinghouse, 207. 
Polyphase power, measurement of, 120. 
Portable meters — 

Aron, 815. 

Thomson, 316. 
Prepayment meters — 

Beaumont, 228. 

British Thomson-Houston, 227. 

Fort Wayne, 231. 

Smeral description, 222. 
ookham, 235. 
Mordey-Fricker, 237. 
Reason, 289. 
Vulcan, 230. 
Watson, 248. 
Prepayment system, 218. 
Pressure transformers, meters with current 
and, 188. 

Quantity meter- 
advantage of, 28. 
classification of, 28. 
definition, 28. 

meters {see Electrolytic and ampere-hour 
motor meters). 

Reason Manufacturing Company — 
electrolytic meter (Wrijght), 29. 
maximum demand indicators — 
electro-magnetic, 256. 
Merz, 256. 
Wright, 252. 
prepayment meter, 239. 
Register, dial, 298. 

Registers, meter {see Integrating mechan- 
isms), 297. 
Requisites of a meter, 3. 
Retarding torque of magnetic brake, 7, 22. 
Rotating vectors. 111. 
Rotatory magnetic field, 110. 

Sanoamo mercury motor meter {see Brush- 

Sangamo), 87. 
Scheeffer induction meter, 165. 
ball bearing of, 287. 
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Selection of a meter, 11. 
Series loas, 9. 
Shafts and pivots, 286. 
Shunt loss, 9. 

values of (G.C. meters, Table II.), 13. 
(A.C. meters, Table III.), 14. 
Siemens-Schuckert meters- 
battery, 99. 

bearing and locking device of, 289. 

continnous current (types Q.B. and G.E.), 
64. 

induction, type W.B.J., 140. 
type W., 141. 
typeWj., 143. 

intermittent integrating meter, 2, 105. 

Pelouz, 85. 

polyphase, 202. 

switchboard, 104. 

two-rate, 270. 

weight cyclometer counter of, 299. 
Single- phase alternating current meters 
{aee Induction meters). 

power and energy, 109. 
Spindle and pivot of A.G.T. meter, 286. 
Stanley induction meters, 166. 

magnetic suspension, 294. 

rotatedjewel bearing, 295. 
Step-tari£r meter (Deutsch-Bussisohe), 262. 

system of charging (Dr M. Kallmann), 
212. 
Supplv, unit of, 1. 
Switchboard meters, 99. 

Tariff and hour meters, 248-283. 
Tariff systems — 

flat rate, with and without discounts, 210. 

genera], 209. 

Halle (A. Jung), 215. 

hour meter, 218. 

Manchester, 211. 

maximum demand (Wright), 211. 

prepayment, 218. 

step- tariff (Dr M. Kallmann), 212. 

two-rate, 217. 
Test terminals, 313. 
Testing (general remarks), 9, 801. 

constant, meaning of, 808. 

meters in ntUf 312. 

motor meters, 807. 

oscillating, cluck, and electrolytic 
meters, 310. 
Thermal effect, 25. 
Thomson meter — 

British Thomson-Houston Co. , 54. 

Comptignie pour la Fabrication des Gomp- 
teurs, raris, 55. 

General Electric Co., U.S.A., 56. 

high-torque induction, 164. 

jewel bearing of, 289. 

polyphase induction, 206. 

portable, 816. 

switchboard, 100. 

tram-car, 107. 
Three-phase four-wire system, 128. 



Three-phase three-wire meter, effect of 

trrongly connecting a, 190. 
Three-phase three-wire systems — 

delta, 125. 

stor, 120. 
Three-wire meters — 

behaviour of (O.C. enenoT motor type), 
26. 

electrolytic (Wright), 31. 

O'K., 45. 

single-phase induction, 114. 
Time meters {see Hour meters), 280. 
Torque, driving, 21. 

retarding (magnetic brake), 7, 22. 

values of driving (Tables I.-III.), 12-14. 
Tram-car meters, 107. 
Transformers, meters with current and 

pressure, 188. 
Two-phase system, 127. 
Two-rate meters — 

Aron, 272. 

Compagnie pour la Fabrication des Comp- 
teurs, Faris, 274, 

Deutsch-EuBsische, 257. 

Electrical Company, 263. 

general description of, 257. 

General Electric Co., U.S.A., 266. 

Hookham, 268. 

Luxsche Industriewerke, 279. 

Siemens-Schuckert, 270. 
Two-rate system, 217. 

Union Electric Company's meters {ue 

Hartmann & Braun). 
Units, supply, 1. 

Vbotobs, rotating. 111. 
Vulcan house-service meter, 61. 
.prepayment meter, 230. 

Watson prepayment meter, 243. 
Watt-hour meters (continuous current)— 

Acme, 80. 

Aron, 70. 

Brush-Sanframo, 87. 

Chamberlain k Hookham, 89. 

Deutsch-Rufisische, 83. 

Duncan, 57. 

Eclipse, 62. 

Evershed, 66. 

Hartmann & Braun, 68. 

Mix k Genest, 68. 

oscillating (Electrical 0>.), 77. 

Peloox (Siemens-Schuckert), 85. 

Siemens-Schuckert, 64. 

Thomson (B. T.-H. Co.), 54. 
(G. E. Co., U.S.A.), 56. 

Vulcan, 61. 
Westinghouse meter, ball bearing of, 287. 

polyphase, 207. 

sinffle- phase induction, 149. 
Wright electrolytic meter, 29. 

maximum demand indicator, 252. 
system, 211. 
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26 CHARLES QRIFFIN A CO.'S PUBLIOATIONS. 

Third Edition, Revised, with an Additional Chapter <m FoundtUi&m^ 
Numerous Diagrams, Examples ^ and Tables, Large 8zv. Chth. i6j. 

THE DESIGN OF STRUCTURES: 

A Praetloal TpeatLne on the Building of Bplclges, 
Roots* dMi. 

By S. ANGLIN, C.E., 

Matter of Engineering, Royal Uniyernty of Ireland, late Whitworth Scholar, ftc 

^ **W e can unhesitatingly recommend this work not only to the Student, as the bbst 
TkZT-BooK on the subject, but also to the professional engineer as an kxckbdingut 
TALUABLB boolc of reference."— Jf«rA<M«ra/ World. 



Third Edition, Thoroughly Revised, Royal %oo. With 
Illustrations and 13 Lithcfrraphic Plates, Ha$%dsome Cloth. Price 2l0s, 

A PRACTICAL TREATISE ON 

BRIDGE-CONSTRUCTION: 

Being a Text-Book on the Constraction of Bridges in 
Iron and SteeL 

FOR THE USE OF STUDENTS, DRAUGHTSMEN, AND ENGINEERS. 
By T. CLAXTON FIDLER, M. Inst. C.E., 

Prof, of Engineering, University College, Dundee 

** The new edition of Mr. Fidler's work will again occui)y the same OON- 
snouoUB POSITION among professional text-books and treatises as has beei^ 
aooorded to its predecessors. Sound, simple, and pull."— 77i« Engineer, 



In Medium Svo. Handsome Cloth. Pp. t-xv + 248, with ovet 
100 Illustrations. Price los. 6d, net, 

CONSTRUCTIONAL STEELWORK: 

Being Notes on the Practical Aspect and the Principles of 

Design, together with an Account of the Present 

Methods and Tools of Manufacture. 

By A. W. FARNSWORTH, 

Associate Member of the Institute of Mechanical Engineers. 

"A worthy volume, which will be found of much assistance. . . A book of 

particular value." — Practical Engineer. 

"Will be found of value to all Architects and Engineers engaged in steelwork construe* 
tion.'*—Btnlding' News. 
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BNOINEERINO AND MECHANICS. 27 

In Large 8vo. Handsome Cloth, Gilt, Uniform with Stability of Ships 

and Sled Ships,{p. 38). With 34 Folding Plates and 468 

Illustrations in the Text. SOs. net. 

The Principles and Practice of 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM, B.E., AssocM.Inst.C.E., 

Of the Engineers' Department, Mersey Docks ftnd Hftrbour Board. 
GENERAL CONTENTS. 

Historical and Discursive. — Dock Design.— Cod struct ive Appliances. — 
Materials.— Dock and Quay Walls. — Entrance Passages and Locks. — 
Jetties, Wharves, and Piers. — Dock Gates and Caissons. — Transit Sheds 
and Warehouses. — Dock Bridges. — Graving and Repairing Docks. — 
Working Equipment of Docks. —Index. 

"We have never seen a more profusely-illustrated treatise. It is a most Important 
standard work, and should be in the hands of all dock and harbour engineers."— iSteanuAip* 

" Will be of the greatest service to the expert as a book of Teterence."—JBngi$ieer. 



Fourth Edition. In Two Parts, Published Separately. 
A TEXT-BOOK OF 

Engineering Drawing and Design. 

YoL. I. — Practical Gbombtrt, Plane, and Solid, is. 6d. 
Vol. II. — Machine and Engine Drawing and Design. 48. 6d. 

SIDNEY H. WELLS, Wh.Sc, A.M.I.C.E., A.M.I.Mech.E., 

Principal of the Battenea Polytechnlo Institute, Ac 

Wi^ many fUtutrcUians, BpeeiaUy prepared fnr the Work, and WMnerou9 

ExampieSf for the Use of Students in Teehntecd Schools and CoUeges, 

'* A CAPITAL TUn^BooK. arranged on an bxcsllbht STstiic, ealenlated to glre an InteUlfiiit 
cnsp of the subject, and not the mere facult/ of mechanical copying. . . . Mr. Wells snows 
how to make ooMPLm woEKiBO-DaAWiHOs, dlseuMlng fUlly each step In the design."— Jncofrleal 



In Large Crown 8vo. Handaome Cloth. With 201 Illustrations. Gs. net. 
AN INTRODUCTION TO 

tke: i>e:sio]^ of bsjlms, 

GIRDERS, AND COLUMNS 
IN MACHINES AND STRUCTURES. 

With Examples in Graphic Statlos. 
By WILLIAM H. ATHERTON, M.Sc, M.LMech.E. 

**A very useful source of Information. ... A work which we commend very 
highly . . . the whole being illustrated by a large collection of very well chosen 
•examples."— A'atwrc. 

** There should be a strong demand for this concise treatise/'— Po^tf** Weekly. 

LONDON: CHARLES GRIFFIN A CO., LIMITED. EXETER STREET, STRANa 



28 0HARLE8 QBIFFIN A CO.'S PUBLIOATIONS. 

Works by BRTAN DONKIN, M.Iiist.C.E., M.Iiist.Meeh.E., &e. 

Now Ready. Fourth Edition, Revised and Enlarged. With 
additional Illustrations. Large 8vo, Handsome Cloth. 25s. net. 

A TREATISE ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN, M.Inst.C.E., M.Inst.Mech.E. 

Contents.— Part L— CTas Engines r General Description of Action and Parts.— 
Heat Cycles and Classification of Gas Engines. — History of the Gas Engine. — The 
Atkinson, Griffin, and Stockport Engines. — The Otto Gas Engine. — Modem British Gas 
Engines. — Modem French Gas Engines. — German Gas Engines.— Gas Production for 
Motive Power.— Utilisation of Blast-furnace and Coke-oven Gases for Power.— The Theory 
of the Gas Engine. — Chemical- Composition of Gas in an Eng^e Cylinder.— Utilisation of 
Heat in a Gas Engine. — Explosion and Combustion in a Gas Engine. — Part II. — 
Petroleum Engines : The Discovery, Utilisation, and Properties of Oil.— Method of 
Treating Oil. — Carburators. — Early Oil Engines. — Practical Application of Gas and Oil 
Engines.— Part III.— AiP Engines.— Appbndicbs.-Indvx. 

"The best book now published on Gas, Oil, and Air Engines." — Engineer^ 
"A thoroughly reliable and exhaustive treatise." — Engituering:. 



In Quarto, Handsome Cloth. With Numerous Plates. 25s. 

THE HEAT EFFICIENCY OF STEAM BOILERS 

(LAND, MARINE, AND LOCOMOTIVE). 

With many Tests and Experiments on different Types of 

Boilers, as to the Heating Value of Fuels, &e., with 

Analyses of Gases and Amount of Evaporation, 

and Suggestions for the Testing of Boilers. 

By BRYAN DONKIN, M.Inst.C.E. 

General Contents. — Classification of different Types of Boilers — 
425 Experiments on English and Foreign Boilers with their Heat Efficiencies- 
shown in Fifty Tables— Fire Grates of Various Types — Mechanical Stokers — 
Combustion of Fuel in Boilers — Transmission of Heat through Boiler Plates,, 
and their Temperature — Feed Water Heaters, Superheaters, Feed Pump^ 
&c« — Smoke and its Prevention — Instruments used in Testing Boilers — 
Marine and Locomotive Boilers — Fuel Testing Stations — Discussion of the 
Trials and Conclusions — On the Choice of a Boiler, and Testing of Land, 
Marine, and Locomotive Boilers — Appendices — Bibliography — Index. 
With Platet Ulustrcuing Progress made during recent years^ 
and the best Modem Practice, 

" Probably ihe most xxHAnsnYB ru\tm€ tbat has ever been collected. A pBAonoAv 
Book by a tboronghly practical man.'*— /ron and Coal Tradu Retieu. 



BY WILLIAM NICHOLSON , 

simkoise: jl b jl t e: us e: m^ x. 

(See page 76.) 
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ENOINEBRING AND ME0HANI08. 29 

FovBTH Bditiov, RtniMtd and Bnlargti. FodUt-Stt*, LuUhtr, 13c M, 

Boilers, Marine and Land: 

THEIR CONSTRUCTION AND STRENGTH. 

A Hakdbook ov Rules, Vobmvi^m, Tablsb, fto., bklativs vo Matssial» 

Sgantlinos, and Pbbssurks, SAnrr Valyis, Sfbinos, 

FITTIKO8 AND MOUKTINOS, &a 

FOR THE USB OP ENGINEERS, SURVEYORS, BOILER-MAKERS, 
AND STEAM USERS. 

By T. W. TRAILL, M. Inst.O.E., F.RRN., 

Late Engineer SarreTor-tn-Clilef to the Board of Trade. 

*«* To THE Seoond and Thibd Editions many Nbw Tables for Pressure, 
up to 200 Lbs. per Squabe Inch have been added. 

Thi mor taluabu wobx on Boilers publiBhed In Bngland."— SMiipiNa World. 

Contains an Eno&MOUS Quahtitt of iHVOBifAf lov arrranged in a very convenient form. 
A son U8IVUL TOLUM K . . . sappljing information to be had nowhere else."— Tk« Sngimetr. 



Fourth Impression, Large Crown 8vo. With numerous 
Illustrations. 68. 

ENGINE-ROOM PRACTICE! 

A Handbook for Engineers and Offleers in the Royal Navy 

and Mepcantile narlne. Including the Management 

of the Main and Auxiliary Engines on 

Board Ship. 

By JOHN G. LIVERSIDGE, A.M.LO.E., 

Commander Engineer, Malta. 

i)QUa<i of ELoglD^pr^ of tbe KoyuJ N&ry ^Eoc^ ancl OoDclltliCjiiB of f^rvica of EoginBor*' of 
the LeadtD^ Vs.S. Gompaul^SH — RaJslnji; !Steiim -^DhUqa of n Si&aDiinjf Watcb od Engtifjee 
and BoHora.— SJhoLtlD^^ qA l^team.— Hiu-lir.vur DotliMi ai}>1 Watehes.— AdjoBtment* aud 
Eop&Ln of Ef^D^mea, — Eh-esortaliLiii hocl flf^porlrit pf ^'Tank" Boildrs.— Thfi Buii wBd Ite 
FlUlnfEA.— ClenDiofT ikDd L'aliittD^ Macbinar^^— EoclprucallDf! Pnmpa^ Feed Heatora, md 
AutoCDatIc Fo^d-Wftter EoipiLi tors. — ET)\porA tori, — ^toam Hoaii, — EJet^tric U^bl 
Macblncrj. — H^dr&Dltc MarbliiRry.^Air-CompronAiiie Pnuipj^.-^KQirfgerating ^&cbLdf^B. 
— Maubio'sry or Dij'Arroyem.^The Uaaa^emf^nt of W^i^^r- I'ubii B'lDerii- — QegiLlatlooa foi 
^trj ot ABRtsLont Eti^DeoTdt Il,N,— Question n (rWen In KTflTniTiuLiDiin for PrQiuotlciD of 
iloginoera, B. N. — KG^pru'B.tJiaTiB reNpectln^ Board of Trik^o Er am Initio 04 Tor iirQ^ciiioorH^ Ac, 
" '[ bo fonteoLH uabsot kail rv sk APnutiiArsu."' — 7'A* SitaffUht}* 

"This VK&T U.'^F.FtTt HtMllt, h .. . I U^UBTRATlQ^S (LrO Of QU.WAT mH'BTAliC^ tH a WOrfc 

of thti klnd^ aod tt $■ satiafactory to And that fti-EciAtr AiTBiNTicr^ b^B beeo glTec in thl* 
reepeot."— .Avia«r4' Oatette. 



In Large Crown 8vo, Cloth. Fully Illustrated. 5s. net. 

O I ILi F XJ S ILi: 

ITS SUPPLY, COMPOSITION, AND APPLICATION. 
By SIDNEY H. NORTH, 

LATE EDITOR OP THE "PETROLEUM REVIEW." 

Contents.— The Sources of Supply.— Economic Aspect of Liquid Fuel.— Chemical 
Composition of Fuel Oils.— Conditions of Combustion in Oil Fuel Furnaces.— Early 
Methods and Experiments.— Modem Burners and Methods.— Oil Fuel for Marine Pur- 
poses.— For Naval Purposes.— On Locomotives.— For Metallurgical and other Purposes. 
—Appendices. —Index. 

*' Everyone interested in this important question will welcome Mr. North's excellent 
text-book."— JVatur*. 
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30 CHARLES ORIFFIN S CO.'S PUBLICATIONS, 

Sboond Edition, Reviied. With nnmeroiu Plates rednoed from 
Working Drawings and 280 lUnstrations in the Text. 21b. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praetieal Text-Book for the Use of Engine Builders, 

Designers and Draughtsmen, RaQway 

Engineers, and Students. 

BT 

WILLIAM FRANK PETTIGREW, M.Inst.CE. 

With a Section on American and Continental Engines. 

By albert p. RAVENSHEAR, B.Sa, 

Of Hia Majesty's Patent Office. 

(7oii<«i<«. ~ Historical Introdnction, 1763-1868. — Modem Locomotives: Simple.— 
Modem Looomotives : Compound. Primary Consideration In Locomotive Design. — 
Cylinders, Steam Chesta, and Stuffing Boxes.— Pistons, Piston Bods, Croesheads, and 
SUde Bars.— Connecting and Conpllng Bods.— Wneels and Axlea Axle Boxes, Horoblocks, 
Mid Bearing Springs.— Balancing;.- Valve Gear— Slide Valves and Valve Gear Detalli.— 
Framing, Bogies and Axle Tmcks, Badlal Axle Boxes.— Boller8.—Smokebox, Blast Pipe, 
nrebox Fittings.- Boiler MonntingB.- Tenders. Railway Brakes.— Lubrication.— Oon- 
■amption of Fnel« Evaporation and Engine Efficiency.— American Looomotivea.— Oon- 
tinental Looomotivea.— Bepairs, Burning, Inspection, and Benewals.— Three Appendtoea. 
—Index. 

'* Likely to remain for many yean the STAiroaaD Work for those wishing to learn 
Design. '*—£natfne«r. 

*' A most interesting and valoable addition to the bibliography of the Locomottve.**— 
BaUvaji Official 0<uett€, 

" we recommend the book as thoboughlt peactzgal in its character, and MBsmHo A 
PLAOB iw Airr ooLLBCTioN of . . . works on Locomotive Engineering."— i{a<2«Mi|f Nmn, 

"The work oowtains all that cav bb leabht from a book upon such a sabject It 
will at once rank as thb btahdabd wobk upon this difoktaiit subjbot."— iZa</iMi|f MagoMknf 



In Large Svo. Handsome Cloth, With Plate$ and lUuBtrations, 16%. 

AT HOME AND ABROAD. 
By WILLIAM HENRY OOLE, M.In8t.0.R, 

Late Deputy-Manager, North- Western Railway, India. 
Contente.— Discussion of the Term "Light Railways."— English Railways, 
Rates, and Fanuers. — Li^ht Railways in Belginm, France, Italv, other 
European Conntries, America and the Colonies, India, Ireland. —Road Trans- 
port as an alternative.— The Light Railways Act, 1896.— The Qnestion of 
Qapge. — Constmction and Working. — Locomotives and RollinK-Stock.— Light 
Railways in England, Scotland, and Wales.— Appendices and Lidex. 

*'Mr. W. H. Cole has brought together ... a labob axouht of valuablb nnoBiia- 
noB . . . hitherto practically inaccessible to the ordinary reader. '—nntef. 

" WUl remain, for some time yet. a Stabdabd Work in everything relating to Light 
BallwavB."— ^n^ifMsr. 

** Th» author has extended practical experience that makes the book Incid and osefnL 
It is bzcbediholt well done.**— ^a7<n«erin^. 

" The whole subject is bzhaustivblt and pbaotioallt considered. The work can be 
cordially recommended as nrnspsirsABLB to those whose duty it is to beoome acquainted 
witb one of the prime necessities of the immediate future."— iZai/iMiy Official CfautU. 

" Thbbb ootTLD BK HO BBTTEB BOOK of flrst reference on its subject All o l s sswi of 
Engineers will welcome its appearance."— ScoUmoa. 
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BNGINBBRINO AND MEOHANIG8. 31 

Fourth Edition, Thoroughly Revised and Greatly Enlarged. 
With Numeroua lUuatraiions* Price lOs. 6d, 

VALVES AND VALVE-GEARING: 

A PRACTICAL TEXT-BOOK FOR THE USE OF 
ENGINEERS, DRAUGHTSMEN, AND STUDENTS. 

By CHARLES HURST, Practical Draughtsman. 

PART I.— Steam BSncrlne Valves. 
PART II.— Oas BSnfiTlne Valves and Gears. 
PART III.— AlP Comppessop Valves and GtoaPlnff. 
PART IV.-Pump Valves. 

'* KtL HuBBT 8 TALT18 and ▼ALTB-OSAUHO will provo a Terr Taloable aid. and tend to tha 
jirodaoiionorBnfflneaoreoiUTific nmoirand ■COKOMICALWOKKIHO. . . . WlUlMlaDgely 
■oncht after hj Students and Designer*."— Jfariwe Engiiuer, 

** Almost xvutT TTPB of VAI.VB aod Its goarinir is clearly set forth, and iUostrated In 
mush a way aa to be rbadilt nicDitBBTuui) aud rKAcncAixT aftukd by either the Engineer, 
Dranghtaman. or Student . . . Should prove both ubxfcil and valuablb to all Kngineera 
■eeking for rsuablb and ouub Information on the snbjeet lu moderate price brings It 
within the reach of tJi^—Jnduttries and Iron. 



Mints on Steam Enfflno Desisrn and Conatruotlon. By Chablbs 
Hurst, "Author of Valves and Valve GeariDg." Second Edftion, 
Revised. In Paper Boards, 8vo., Cloth Back. Illustrated. Price 
Is. 6d. net. 

CoNTKNTS.— L Stoam Pipes.— II. Valves,— HI. Oylinders.— IV. Air Pumps and Con- 
densenL-V. Motion Work.— VI. Crank Shafts and Pedestals.— VIL Valve Qear.-VIU 
Lnbricatlon.— IX. Miscellaneous Details — Iitdbx. 

'* A handy volome which every practical young engineer should possess.'*— rA< Mod*l 
Engineer. 

Strongly Bound in Super Royal 8vo. Cloth Boards. 7s. 6d. net. 



For Calculating Wages on the Bonus or Premium Systems. 

For Engineering, Technical and Allied Trades. 

By henry a. GOLDING, A.M.Inst.M.E., 

Technical Assistant to Messrs. Bryan Donkln and Clench. Ltd., and Assistant Lecturer * 

in Mechanical Engineering at the Northampton Institute, London, E.C. 
"Cannot faU to prove practically serviceable to those for whom they have been 
.designed."- iSB0oe«man. 



Skcond Edition, Cloth, 8s. 6d. Leather, for the Pocket, 8s. 6d. 
QBIFFIN'S ELEOTBIOAL PBIOE-BOOK : For Electrical, Civil, 

Marine, and Borough Engineers, Local Authorities, Architects, Railway 

Contractors, &c,, &c. Edited by H. J. Dowsing. 
" The Elbctsicai. Pkicb-Book sbmovbs all mystkrv about the cost of Electrical 
#ower. By its aid the bxpbnsb that will be entailed by utilising electricity on a large or 
small scale can be discovered."— i4frA«/«c/. 
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Shortly. Second Edition. Large Svo, Handsome Cloth. With 
niiutrations, Tables, Ac. 

Lubrication & Lubricants 

A TREATISE ON THE 
THEORY AND PRACTICE OF LUBRICATION 

AND ON THE 

NATURE, PROPERTIES, AND TESTING OF LUBRICANTS. 
By LEONARD ARCHBUTT, F.I.O., F.O.S., 

Ohemlst to the Hidland Ballway Oompany. 



R. MOUNTFORD DEELEY, M.I.Mech.E., F.G.S., 

Chief Locomotive Saperintendent, Midland Railway Company. 



COHTB¥TB.— I. Friction of Solids.— n. Liquid Friction or Yiacoalty. and 

IViction.— IIL Superficial Tension.— IV. The Theory of Lubrication.— V. Labricants, 
their Sourcea, Preparation, and Properties.— VI. Plursical Properties and Methods of 
IBzamination of Lubricants.- VII. Chemical Properties and Methods of Bzamination 
Af Lubricants.— VIIL The Systematic Testlns of Lubricants by Physical and Chemical 
Methods.— IX. The Mechanical Testing of Lubricants.— X. The Design and LubricatioD 
of Bearings.— XI. The Lubrication of Machinery.— Index. 

" Destined to become a olassio on the subject." — Induttriei and /nm. 

" Contains practically all that is known on the subject. Deseryes the oaiafol 
attention of all Engineers."- itailiMiy Official Guide. 



Fourth Edition. VeryfuUy Illustrated, doth, 4s. M. 

STEAM - BOILERS: 

THEIR DEFECTS, ICANAQEMENT, AND OONSTRUOTION. 
By R D. MUNRO, 

Cft<4f Snginsar of the Soottuk Boiler Insurance and Engine Intpeetion Company 

Gknbral Contents.— I. Explosions caused (i) by Overheating of Plates— (s) By 
Defective and Overloaded Safety Valves — (3) By Corrosion, Internal or Extemal-HU) By 
Defective Desi^ and Construction (Unsupported Flue Tubes ; Unstrengthened ManJioles ; 
Defective Staying : Streneth of Rivetted Joints; Factor of Safety)— II. Construction op 
VsxTiCAL Boilers: Shells— Crown Plates and Uptake Tubes— Man-Holes, Mud-Holes, 
and Fire-Holes — Fireboxes — Mountings — Management — Cleaning — Table of Bursting 
Pressures of Steel Boilers — Table of Kivetted Joints — Specifications and Drawings <x 
Lancashire Boiler for Working Pressures (a) 80 lbs. ; (fi) aoo lbs. per square inch respecbvely. 

" A valuable companion for workmen and engineers engaged about Steam Boilers, ought 
to be carefuUv studied, and always at hand."— C^//. Guardian. 

" The book is very usbpul, especially to steam users, artisans, and young Engineers.** — 
Bngifuer. 

Bt the SAMS Author. 

KITCHEN BOILER EXPLOSIONS: Why 

they Occur, and How to Prevent their Occurrence. A Practical Hand- 
book based on Actual Experiment. With Diagram and Coloured Plate. 
Price 3s. 

LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 



ENGINEERING AND ME0HANI08. 33> 

In Crown ^vo. Cloth, Fully lUustraied. $5. nei, 

EMERY GRINDING MACHINERY. 

A iText-Book of Workshop Praetlee in General Tool Gpindinff, and the 
Deslffo, Construction, and Application of the Machines Employed. 

By R. B. HODGSON, A.M.Inst.Mech.E. 

Introduction.— Tool Grinding.— Emery Wheels.— Moimting Emery Wheels. 
—Emery Rings and Cylinders. — Conditions to Ensure Efficient Working.- 
Leading TyP^ ^^ Machines.— Concave and Convex Grinding. — Cup and Cone 
Machines. — Multiple Grinding. — "Guest" Universal and Cutter Grinding 
Machines. —Ward Universal Cutter Grinder. — Press. —Tool Grinding.— Lathe 
Centre Grinder.— Polishing.— Index. 

" Eminently practical . . . cannot fail to attract the notice of the users of this dass of 
•nachinery, and to meet with careful perusal." — Ckem. Trade JimrnaL 



In Three Parts. Crown 8vo, Handsome Cloth. Very Fully Illustrated. 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.KE. 

Part L— The Petrol Car. Part II.— The Eleetrleal Car. 
Part III.— The Steam Car. 

Just Out.] PART I.— THE PETROL GAR. [5^. net. 

Contents.— Section L— The Mechanism of the Petrol Car.— 
The Engine. — The Engine Accessories. — Electrical Ignition and Accessories. 
— Multiple Cylinder Engines.— The Petrol.— The Chassis and Driving Gear. 
— Section IL— The Mechanism of the Petrol Car.— The Engine. — 
The Engine Accessories. — Electrical Ignition. — The Chassis and Driving 
Gear. —General Management — Glossary. —Index. 



Sixth Edition. Folio, strongly half-bound, 21s. 

TRAirSRSS TABX^CS: 

Computed to Four Places of Declmuls for every Minute Angle 
up to lOO of Distance. 

For the Use of Surveyors and Engineers. 

By RICHARD LLOYD GURDEN, 

Authorised Surveyor for the Governments of New South Wales ano Victoria. 

*«* Published with the Concurrence of the Sumeyors-GenertU tor New South 

IValetaiul Victories 

*' Those who have ejcperienoe in eanct Sukvbv-work will best know how to appreciate 
the enormous amoiant of labour represented by this valuable book. The computations 
enable the user to ascertain tiie sines and cosines for a distance of twelve miles to within 
balf an inch, and this by kbtbmxncb to but Onb Tablb. in place ot the usual Fifteen 
minute computations required. This alone is evidence of the assistance which the Tables 
ensure to every user, and as every Surveyor in active practice has feh the want of such 
assistance fbw knowihg or thbib publication will rbmain without thbm." 
—Sngmter 
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34 0HARLB8 QRIFFIN <b OO.'S PUBLI0ATI0N8. 

WORKS BY 
ANDREW JAMIESON, M.Inst.C.K, M.I.E.E., F.ILS.E., 

I EntimerinQt The 
Teekftical ColUg*. 



Formerly Profeuor of Electrical En tinoertng, The Gla^ow and West of Scotlastd 
xhftical '^ 



PROFESSOR JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crvum 8m. J^tUy Illustrated. 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Students preparing for Competitive 
Examinations. With over 700 pp., over 350 lUusirations, 10 Folding 
Plates, and very numerous Examination Papers. Fourteenth Edition. 
Revis«i throughout. los. 6d. 

"Professor Jamieson fascmates the reader by his cularnsss op concbftion aho 
sniPLiciTV OP BXPKBSSioN. His treatment recalls the lecturing of Faraday.**— ^/AtfiMrMK. 
*' The Best Book yet published for the use of Students.**— iffM^wr^. 

APPLIED MECHANICS & MECHANICAL ENGINEERING. 

Vol. I. — Comprising Part I,, with 568 pages, 300 Illustrations, and 
540 Examination Questions : The Principle of Work and its applica- 
tions; Part II.: Fnction ; Gearing, &c. Fifth Edition. 8s. od. 
" Fully maintains the reputadon of the Author."— /'nxc/. Engineer. 

Vol. II.— Comprising Parts III. to VI., with 782 pages, 371 Illus- 
trations, and copious Examination Questions : Motion and Energy; 
Graphic Statics; Strength of Materials; Hydraulics and Hydraulic 
Machinery. Fourth Edition. 12s. 6d. 

"Wbll and lucidly WRiTTBN."— 7*1*^ Engineer. 

*»* Each of the ahove Z'olumes is complete in itse(f, and sold separately. 



PROFESSOR JAMIESON'S INTRODUCTORY MANUALS 

Crown 8zw. With lUustraiians ami Examinatitm Papers. 

STEAM AND THE STEAM-ENGINE (Elementary 

Manual of). For First- Year Students. Tenth Edition, Revised. 3/6. 
" Shoiild be in the hands of bvbry engineering apprentice.** — Practical Engineer. 

MAGNETISM AND ELECTRICITY (Elementary Manual 

of). For First-Year Students. Sixth Edition. 3/6. 

" A capital tsxt-book . . . The diagrams are an important (ea.tan.''-^choolmaster. 
" A thoroughly trustworthy Text-book. Practical and dear.**— JVi»/wy». 

APPLIED MECHANICS (Elementary Manual of). 

Specially arranged for First- Year Students. Sixth Edition, 

I Revised and Greatly Enlarged. 3/6. 

I '* The work has very high qualities, which may be condensed into the one word 

clear.' '^—Science and A rt. 

I A POCKET-BOOK of ELECTRICAL RULES and TABLES. 

For the Use of Electricians and Engineers. By John Munro, C.E., 
and Prof. Jamieson. Pocket Size. Leather, 8s. 6d. Seventeenth 
Edition. [See p. 48. 

lOMDON: CHARLES GRIFFIN ft CO.. LIMITED. EXETER STREET, STRAND. 



WNOIifatESINe AND MItCBAmOB. 35. 

WORKS BY 

W. J. MAGQUORN RANKINE, LL.D, F.R.S., 

tote RtgluB Profwor «/ OMI Engin—rtng In the UnluerBltif of Qlntgom. 
THOBOUOHLT BBVISBD BT 

W. J. MIL LAB, C.E., 

LaU Seerwtaiy to the Inatituto of Engineers and SMpbuilden In SeoHmml. 



A MANUAL OF APPLIED MECHANICS : 

Comprismg the Principles of Statice and Cinematioe, end Theory of 
Stmotares, Mechaniem, and Machines. With Nnmeroos Diagrams. 
Crown 8yo, cloth. Sevintbenth Edition. 12b. 6d. 



A MANUAL OF CIVIL ENGINEERING: 

Comprising Engineering Surveys, Earthwork, Foundations, Masonry, Car- 
pentry, Metal Work, Roads, Railways, Canals, Rivem, Waterworks, 
Harbours, &o. With Numerous Tables and Dlustrations. Crown Svo. 
doth. Twenty-Second Edition. 16s. 



A MANUAL OF MACHINERY AND MILLWORK : 

Comprising the Geometry, Motions, Work, Strength, Constmotion, and< 
Objects of Machines, fto. Illustrated with nearly 800 Woodcuts, 
Crown Svo, cloth. Seventh Edition. 12s. 6d. 



A MANUAL OF THE STEAM-ENGINE AND OTHER 
PRIME MOVERS: 

With a Section on Gas, Oil, and Aib Engines, by Bbtan Donkin,. 
M.lQSt.C.E. With Folding Plates and Numerous Illustrations. 
Crown Svo, cloth. Sixtbeztth Edition. 12s. 6d. 

tONDON: GHMLE8 GRIFFIN A CO.. LIMITED, EXETER STREET. STRAND 



^6 CHARLES GRIFFIN ds CO.* 8 PUBLICATIONS. 

Pkof. Rankinb's Works— (Cm»//«im^). 

USEFUL RULES AND TABLES: 

-For Arohiteots, Baildera, Bngineeni, Founders, MeohanioSt Shipbnilden, 
Surveyors, Ac. With Appendix for the use of Elxotkicul Enoiksxbs. 
By Professor Jamikson, F.R.S.E. Ssviiith Edition. 10s. 6d. 



A MECHANICAL TEXT-BOOK: 

A Praotioal and Simple Introduction to the Study of Meohinios. By 
Professor Rankinb and E. F. Bambsb, G.E. With Numerous IIIqb- 
trations. Grown 8vo, cloth. Fifth Edition. 9s. 

**«* The " MioHAinoAi. Text-Book " wu detigntd bp ProfoBior BAHKom at am IaTBO> 
•ouonoH to ih§ above SerUt of MwmmU. 



MISCELLANEOUS SCIENTIFIC PAPERS. 

B^yal 8yo. Cloth, Sis, 6d« 

Part I. Papers relating to Temperature, Elasticity, and Expansion of 
7apours, Liquids, and Solids. Part II. Papers on Energy and its Trans- 
formations. Part m. Papers on Wave-Forms, Propulsion of Vessels, fto. 

With Memoir by Professor Tait, M.A. Edited by W. J. Millab, O.S. 
With fine Portrait on Steel, Plates, and Diagrams. 

" No more eadnrmg Memorial of Professor Rankine could be devised than the pabliaiF> 
don of these papers in an aocesnble form. . . . The Collection is most valoable on 
Qooount of the nature of his discoveries, and the beauty and com^deteness of his analysis. 
. . . The Vcdume exceeds in importance any work m the same department poblished 
Jb our txaiA.*-^Arck»i«ct. 



SHELTON-BEY (W. Vincent, Foreman to the 

Imperial Ottoman Gun Factories, Constantinople) : 

THE MECHANIC'S GUIDE: A Hand-Book for Engineers and 
Artizans. With Copious Tables and Valuable Recipes for Practical Use. 
lUnstrated. Second Ediiurn, Ciown 8to, Qoth, 7/6. 

LONDON: CHARLES BRIFFIN & CO.. LIMITED^ EXETER STREET. STRAND. 



BNQINEERINO AND MR0HANI08. 37 

Third Edition, Thoroughly Revised and Enlarged, With 60 Plaies and 
Numerous Illustrations, Handsome Cloth, 34s* 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON, M. Inst. C.E, F.G.S., 

PBIXOW OW KIMOTS COLLBG^ LONDON; FSOV. BMBRITUS OF dm. SMGINBBSIMG, 
king's COLUKB, RC, BTC 

Contents — Dischaijjc through Orifices.— Flow of Water through Pipes. — Accumulators. 
—Presses and Lifts. — Hoists.— Rams.— Hydraulic Engines. — Pumping Engines.— Capstans. 
— Traversers. —Jacks. — Weighing Machines. — Riveters and Shop Tools. — Punching, 
Shearing, and Flangins Machines. — Cranes. — Coal Discharging Machines.— Drills and 
Cutters. — Pile Drivers, Excavators, &c. — Hydraulic Machinery applied to Bridges^ Dock 
Gates, Wheels and Turbines.— Shields. — Various Systems ana Power Installations.— 
Meters, &c.— Indbx. 

"The standard work on the application of water power.'*— CArnrrr Magunine, 



Second Edition, OrecUly Enlarged, With Frontiepieee, aevercU 
PkUetf and otfer 250 lUustrations. 21«. net, 

THE PBIICIPLES AMD COMSTRUCTIOM OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Practical Illnstrationa of Enouncs and Pumps applied to MnoNO, 

Town Water Supply, Drainaoe of Lands, &o., also Eoonomy 

and Efficiency Triala of Pnmping Machinery. 

By henry DAVEY, 

Member of the Institation of CItII Engineers, Member of the Instltatlon of 
Meehanical Engineers, F.G.S.. Ao. 

CoMTiNTS —Early History of PttmDinff En^es— Steam Pumping Engines— 
Pomps and Pump Valves — General Principles of Non-Rotative Punping 
Engines — The Cornish Engine, Simple and Compound — Tjrpes of M'iiiifig 
Engines — Pit Work— Shaft Sinking — Hydraulic Transmission of Power in 
Mines — Electric Transmission of Power— Valve Gears of Pumping Engines 
— Water Preumre Pumping Eng^es — Water Works En^es — Pumping 
Engine Economy and Trials of Pumping Machinery — Centrifugal and other 
Low-Lift Pumps— Hydraulic Rams, Pumping Mains, &c.— Index. ; 

'*By the 'one English Engineer who xnrobably knows more about Pomping Maohinery 

than AST OTHXB.' ... A VOLUXB XXOOBDOrO THB BBSULT8 OV 1.0110 KXPSBISWOB AVD 

tmJDY.**--The Engiuetr. 

**nndoabtedlyTHB bsst avd most rsAonoAL tbsatmx on Pnmping Maohinery that has 
m BBSir FUBLUHBD.**— J/^Mln^ JoumaL 

lONDON: CHARLES GRIFFIN « CO. LIMITED. EXETER STREET. STRAND 



38 0HABLK8 ORIFFIN S 00:8 PUBLICATIONS. 

RofftU 8oo» HwulaomB OioUi. With numeroua Hiuatrations and TablsB. 269. 

THE STABILITY OF SHIPS. 

BY 

SIR EDWARD J. REED, ILC.B., F.R.S., M.?., 

XMuan or thb impbriai. okdbxs or st. stanilaus or kussia; rxAMczs jossm ov 

AUSTRIA ; MKDJIDIB Or TUKKKY ; AND RISING SUN Or JAPAN ; VKT- 
PKSSIDKNT or THK INSTITUTION OP NAVAL ARCHITBCTS. 

In order to render the work complete for the purposes of the Shipbuilder, whether at 
home or abroad, the Methods of Calculation introduced by Mr. F. K. Barnbs, Mr. Gbat, 
M. Rbbch, M. Davmard and Mr. Benjamin, are all given sepaurately, illustiatad bjr 
Tables and worked-out examples. The book contains more than aoo Diagrams, and is 
lUustxated by a large number of actual cases, derived from ships of all descriplxias. 

" Sir Edward Rbbd's ' Stakility op Ships ' is invaluablr. The Naval Aschitbct 
will find brought togetner and ready to hu hand, a mass of information which he would odMr* 
wise have to seek in an almost endless variety of publications, and some of which he woald 
possibly not be able to obtain at all elsewhere."— i8/raM5A<>. 



THE DESIGN AND 00NSTBX70TI0N OF SHIPS. By John 
Harvard Biles, M.Inst.N.A., Professor of Naval Architecture in the 
University of Glasgow. [/« Preparation. 



Third Edition. Illustrated with Plates, Numerous Diagrams, and 
Figures in the Text. i8s. net 

STEEL SHIPS! 

THSIB CONSTEUCTION AND MAINTENANCE. 

A Manual for Shipbuitders, Ship Superintendenta, Students, 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF "know YOUR OWN SHIP." 

CONTENTB. — I. Manufacture of Cast Iron, Wrought Iron, and SteeL — Com- 
position of Iron and Steel, (Quality, Strength, Tests, &c. II. Classifioation of 
steel Ships. III. Considerations in making choice of Type of Y esseL — Framing 
of Ships. IV. Strains experienced by Ships. — Methods of Computing and 
ComiMmng Strengths of Ships. V. Construction of Ships. —Alternative Modes 
of Construction. — Types of Vessels. — Turret, Self Trimming, and Trunk 
Steamers, &c. — Rivets and Rivetting, Workmanship. VI. Pumping Arrange- 
ments. VII. Maintenance. — Prevention of Deterioration in the Hulls of 
Ships.— Cement, Paint, &c,— Index. 

^' So thoroneh and weil written i» every chapter in the book that it b di.ncnlt to select 
anv of them as being worthy of exceptional praise. Altogether, the work is excellent, and 
will prove of xreat va ue to those for whom it is intended?*~7*A« Enififteer. 

^* Mr. Walton has written for the profession of which he is an ornament Hit worh 
will be read and appreciated, no donbt, by every M.LN.A., and with great benefit by the 
majority of them. ^—Jouma I of Commeree. 



UNIFORM WITH THE ABOVE, 

THE PRINCIPLES AND PRACTICE OF 

DOCK ENGINEERING. 

By BRYSSON CUNNINGHAM, B.E., M.Inst.CE. 
See p. 27. 

LONDON: CHARLES GRIFFIN ft CO.. LIMITED, EXETER STREET. STRAND. 



NAUTICAL WORKS. 39 



GRIFFIN'S NAUTICAL SERIES. 

Editbd by EDW. BLACKMORE, 

Muter Mariner, Flrit Class Trinity Honse Certificate, Assoc. Inst. N.A- ; 

And Writtbn, mainly, by Sailors for SaiLobs. 



"This adxirablh series."— FairpZc^. "A ybrt useful serieb."— if oturs. 

*'The Tolumes of Messrs. Griffin's Nautioal Series may well and profitably be 
read by all interested In our national maritimb progress. "—Marine Bngineer. 

" Evert Ship should have the whole Series as a Refbrbnoe Library. Hahis 
flOMBLT bound, olbarlt PRINTED and ihLJJSTKA.T'KD."— Liverpool Joum. (^ dnwoMree. 

The British Mercantile Marine : An Histonc&i Sketch of its Rise 

and Development. By the BiHTOR, Capt. Blaokmore. Third Edition. 8s. 6d. 

" Captain Blackmore's splendid book . . . contains paragraphs ou every point 
of interest to the Merchant Marine. The 243 pages of this book are the most valu- 
able to the sea captain that have ever been compiled."— Jf «rc*ant Sarvioe Rniew, 

Elementary Seamanship. By D. Wilson-Barker, Master Manner, 
F.B.S.E., F.R.O.S. With numerous Plates, two in Colours, and Frontlspieoe. 
Fourth Bditiok, Thoroughly Revised. With additional Illustrations. 6s. 
*'Thls admirable manual, by Capt. Wilson Barker, of the • Worcester,' seems 

to us PERFEOTLT DESIGNED. "-^CAtftMSUm. 

Know Tour Own Ship : A Simple Explanation of the Stability, Con- 
struction, Tonnage, and Freeboard of Ships. By Thos. Walton, Naval Architect. 
With numerous Illustrations and additional Chapters on Buoyancy, Trim, and 
Calculations. Eighth Edition. Ts. 6d. 
••Mr. Walton's book will be found very vanFUh."— The Engineer. 

Kavlaration : Theoretical and Practical. By D. Wilson-Bakker 

and William Allinoham. Second Edition. Revised. 88. 6d. 
"Precisely the kind of work required for the New Certificates of competeocy. 
Candidates will find it invaluable."— Z)ttnde^ Advertiser. 

Marine Meteorology: For Officers of the Merchant Navy. By 
iiSi^i? ALLiNiHAM, First Class Honours, Navigation, Science and Art Department. 
With lUnstraUons, Maps, and Diagrams, and facaimiU reproduction of log page. 

7S. OO. 

•• Quite the best publication on this subject."- 5Atpp»n^ Gazette. 

Lati^de and Longritude : How to find them. By W. j. Millar, 

C.E. Second Edition, RevisetJ. 2s. 

" Cannot but prove an acquisition to those studjring Navigation."— Jfartne Engineer. 

Practical Mechanics : Applied to the requirements of the Sailor. 
ByTHOS. MACKENZIE, Master Mariner, F.E.A.S. Second Edition, Revised. 8s. 6d. 
WELL WORTH the money . . . exceedingly helpful."— ^ippinp fVorUL 

Trleonometry : For the Young Sailor, &c. By Rich. C. Buck, of the 
2;ames Nautical Training College, H.M.S. " Worcester." Third Edition, Revised. 
Price 3s. 6d. 
" This EMINENTLY PRACTICAL and reliable volume."— ScAooiwuMter. 

Practical Algrebra. By Rich. C. BrcK. Companion Volume to the 
above, for SaUors and others. Second Edition, Revised. Price 8s. 6d. 
•' It is JUST the book for the young sailor mindful of progreas."— iVouricoi Magazine. 

The Lefi'al Duties of Shipmasters. By Bbikdiot Wm. Ginsbdro, 

M.A., lL,D., of the Inner Temple and Northern Circuit: Barrlster-at-Law. Second 

Edition, Thoroughly Revised and Enlarged. Price 4s. ed. 

" Invaluable to masters. . . . We can fully recommend it"— 5ft»pp»fi^ Oa«tts. 

A Medical and Surgrieal Help for Shipmasters. Including First 

Aid at Sea. By Wm. Johnson Smith, F,R.C.S., Principal Medical OfflcerT&amen's 
Hospital, Greenwich. Third Edition, Thoroughly Revised. 6s. 
"Sound, judicious, really helpful."— rAs Lancet. 



LONDON: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 
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40 CHARLES QRIFFIN Jk CO.'S PUBLICATIONS, 

GRIFFIN'S NAUTICAL SERIES , 

Introductory Volume. Price Sa. 6d. 
THE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

ICASTB& IIARZNBR; ASSOCIATB OP THB mSTITUTION OP NAVAX. ARCHITBCTS; 

IIBICBRR OP THB INSTmrnON OP BNCINBBRS AND SHIPBUILOBBS 

m SCOTLAND : BDITOB OP GRIPPOrS "NAUTICAL SBRIBS." 

GxvKRAL Contents.— HiBTOBiOAL : From Early Times to 1486~Pn«refli 
ander Henry VIII.— To Death of Mary— rhmnff Elizabeth's Reign— l^ to 
the Beign of William III.— The 18th and 19tb Centuries— InstitQtlon of 
Examinations — Rise and Progress of Steam Proptdsion — Development of 
Free Trade— Shipping Legislation, 1862 to 1875— " Locksley HaU^ Case— 
Shiixmastera' Societies— Loaidinff of Ships— Shipping LegisUtion, 1884 to 18M— 
Statistics of Shipping; Thb Pbbsonnel : Shipowners— Officers— Mariners— 
Duties and Present Position. Education: A Seaman's Education; what it 
■hould be— Present Means of Education— Hints. DisdPLiNi and Dutt— 
Postscript— The Serious Decrease in the Number of British Seamen, a Matter 
demanding the Attention of the Nation. 

" iMTSBBsmre aad iBSTsuomn . . . may be read with pBom aad BMonoBfiT.**- 
0kuf(m Herald. 

'^Etbbt bbakch of the snbjeot la dealt with In a way which shows that the writer 
* knows the ropes* familiarly.**— Awfjnuxa. 

"This adubablb book . . . tbbms with asefnl inforinatioii--Shoiild be In th» 
hands of every Sailor.**— ITefMrn Morning N«mt. 



Fourth Edition, IThoroughly Revised, With Additional 
Illu8tr<xtion», Price ds. 



ELEMENTARY SEAMANSHIP. 

NT 

0. WILSON-BARKER, Masteb Marinbb; F.R.S.E., F.R.G.S.,fto.,fto. 

TOUNGBR BBOTHIB OV THI TBIHITT HOUBN. 

With Frontispiece, Numerous Plates (Two in Colours), and Illustrationi 

in the Text. 

GXNSRAL CoNTKNTB.— The Building of a Ship; Parts of Hull, Masti^ 
fto. — Ropes, Knot^ Splicing, ftc — Gear, Lead and Log, &c. — Rigging, 
Anchors- Sailmaking — The Sails, &c. — Handling of Boats under Safl — 
Signals and Signalling— Rule of the Road— Keeping and Relieying Watch — 
Points of Etiquette— Glossary of Sea Terms and Phrases— Index. 

*»* The volnme contains the new koimb or thb boai). 
**This ADimuBLB mabual. by Oapt. Woaob-Babbbb of the ' Worcester,' seems to as 
PBSfBCTLT DBsioBBD. and hokls its plsce exoellentiT in * GBivpni*s Nautical Sbbzm. ' . . . 
Although Intended for those who are to become ofBcera of the Merchant Na^y, it wfll be 
foond asefnl by all TAcersianr.**— il(A«unifn. 

*«* For complete List of Gbotdi's Nautical Bbbibb, see p. S8. 

LONDON : CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 



NAVTIOAL WORKS. 



GRIFFIN'S NAUTICAL SERIES. 

Sbookd Edition, Revised and lUtutrcUed. Price 3$, 6d. 

NAViaATION: 

By DAVID WILSON-BARKER, RN.R, F.RS.K, Aa, &o.. 

AMD 

WILLIAM ALLINGHAM, 

Wtam-CLABB HOHOUIUI, HATiaAlIOH, Ban»OI AHD ABT DIPAKTMnra. 

miftb TlumetouB 5llu0tratton0 and £xamfnation (ftuedtfotid, 

GinxBAL CoNTENTB.—Definxtioii«— Latitude and Longitade— Instnunentti 
4)f NaTigation—Correotion of Oounes— Plane Sailuur— Traverse Sailing— Day*! 
Work — Parallel Sailing — Middle Latitude Sailing — Meroator's Chart— 
Mercator Sailing— Onrrent Sailinff— Position byBearinini— Great Circle Sailing 
—The Tidee— QaeitionB — ^Appendix: Compaae £lxTor— Nnmeroni Usefal Hinti. 
•ibo. — Index. 

** PsBGUBLT the kind of work required for the New Oertiflcatee of oompetency in gradae 
from Second Mate to extra Master. . . . Candidates will find it nnrALVAMiM."—D mn dm 
A49m tint 

" A oAPrrAL utTtM BOOK . . . apooially adapted to the New Kxamlnationa. The 
Aathora are Oapt. WBLaoa-lUaxxa (OapCain-Snperlntendent of the Naatioal Oollege, H.M.a 
' Woroeater,' who has had great ezperienoe In the highest problems of Navigation), and 
•Mm, AixnoHAM, a well-known writer on the Soienoe of Navigaoon and Nautical Astronomy. ** 
~ SMppinff WofUL 



ffandwme Oloth, Fully lUuUrtUed. Price 7b. 6d. 

MARINE METEOROLOGY, 

FOR OFFICERS OF THE MERCHANT NAVT. 
By WILLIAM ALLINGHAM, 

Joint Author of "Navigation, Theoretical and Fraotloal.** 

With nunerouB Plates, Maps, Diagrams, and Illastrations, and a facsimito 
Reprodnction of a Page from an actual Meteorological Log- Book. 

SX7MMABY OF CONTENTS. 

IVTBODUOTORT.— Insthmients Used at Sea for Meteorological Purposes.— Meteoio- 
Jogioal I^-Books.— Atmospheric Pressore.— Air Temperatures.— Sea Temperatures.— 
Winds.— wind Force Scales.— History of the Law of Storms.— Hurricanes, Seasons, and 
iltorm Tracks.— Solution of the Cyclone Problem.— Ocean Currents.— Ioebcm.—SyD- 
(dironous Charts.— Dew, MiBts, Fogs, and Haze.— Clouds.— Rain, Sdow, and HalL— 
Mirage , Kainbowa, Coronas, Haios, ana Meteors.— Lightning, Corposants, and Auroras.— 

'<)U>B!eiOira.— APPKHDIX.— INSMX. 

* Qnlte the bsst pablloatloii, and oerUbily the mos* isnaiSTMO, on this sabjeet ever 
«cesented to Nautloal mnaJ'—Bh^fping Qmmtu, 

*«* For Complete List of Okiffin's Nautioal Skbibs, see p. 39. 
lONDON: CHARLES GRIFFIN ft CO.. LIMIfED. EXETER STREET. STRAND. 



4a QHARLm SRiFfiN * OO.'S PUBLWATlOm. 

QRIFFIirS NAUTICAL SERIES. 

SiooND Edition, Rbvisbd. With Numerous Illustration s. Price 3b. 6d. 

Practical Mechanics: 

Applied to the Bequirements of the Sailor. 
By THOS. MACKENZIE, 

MMttr Mariner, F.R.A,S. 
GsNSRAL GoNTBNTB. — Resolution and Composition of Forces — Work done 
by Machines and Living Agents— The Mechanical Powers: The Lever; 
Derricks as Bent Levers — The Wheel and Axle: Windlass; Ship's Capstan ; 
Crab Winch^Tackles : the **01d Man"— The Inclined Plane; the Screws 
The Centre of Gravity of a Ship and Cargo — Relative Strength of Rope : 
Steel Wire, ManlUa^ Hemp, Coir — Derricks and Shears- Calculation of the 
Cross- breaking Stram of Fir Spar— Centre of Effort of Sails — Hydrostatics: 
Uie Diving-bell ; Stability of Floating Bodies ; the Ship's Pump. &c 

" This bxosllent book . . . contains a large amount of information." 
— Nature, 

" Well worth the money . . . will be found sxoEEDiNOLr helpful,"— 
BUvping World. 

*'No Ships' Officers' bookcase will henceforth be complete without 
Captain Mackenzie's * Practical Mechanics.' Notwithstanding my many 
years' experience at sea, it has told me 1u>w much more there i» to <iequire," — 
(Letter to the Publishers from a Master Mariner). 

'* I must express my thanks to you for the labour and care you have takeiD 
in 'Practical Mechanics.' . . . It is a life's experience. . . 
What an amount we frequentiy see wasted by rigging purchases without reason 
and accidents to spars, &c., &c. ! ' Practical Mechanics ' would save all 
this." — (Letter to the Author from another Master Mariner). 



WORKS BY RICHARD G. BUCK, 

Of the Thames Nantical Training College, H.M.S. ' Woroeater/ 

A Manual of Trigonometry: 

With Diagrams, Exampies, and Exercises. Price 8s. 6d. 

Third Edition, Revised and Corrected. 
*«* Mr. Buck's Text-Book has been specially prepared with a view 
to the New Examinations of the Board of Trade, in which Trigonometry 
is an obligatory subject. 

"This KMiiTKNTLT PRAcncAL and BSLL4BLB xoLina."-~Satoolma$tn'. 

A Manual of Algebra. 

Designed fo meet the Requirements of Sailors and others. 
Second Edition, Revised. Price 3s. 6d. 

*«* These elementary works on algkb&a and trioonomvtbt are written specially for 
those who will have little opporiunitv of consulting a Teacher. They are books for *'8BL» 
HKLP." All bat the simplest explanations have, therefore, been avoided, and answkbs ts 
the Exercises are given. Any person may readily, by carefnl study, become master of the!" 
contents, and thas lay the foundation for a further mathematical course, if desired. It Is 
hoped that to the younger Officers of oar Mercantile Marine they will be found decidedly 
tervioeable. The Examples and ExorciBOs are taken from the Examination Papers set for 
the O^ets of the " Worcester.' 

**01early arranged, and well got up. . . A flrst-rate Elementary Algebra. -> 
Nautical Magatint. 
*M* For complete List of Gmffui's Naptical SaaiBS. see p. 89. 

LONDON: CHARLES GRIFFIN ft CO., LIMITED. EXETER STREET, STRAND. 



SAVTIGAL WORKS, 43 



GRIFFIN'S NAUTICAL SERIES. 

Second Edition, Thoroughly Revised and Extended. In Crown 8yo. 
Handsome Cloth. Price 4s. 6d. 

THE LEGAL DUTIES OF SHIPMASTERS. 

BY 

BENEDICT WM. GINSBURG, M.A., LL.D. (Cantab.), 

Of the Inner Temple and Northern Circuit; Barrlster-at-Law. 

General Contents.— The Qualification for the Poeltlon of Shipmaster— The Oon- 
tract with the Shipowner— The Master's Duty In respect of the Crew : Bngagement : 
Apprentices ; Discipline ; Provisions, Accommodation, and Medical Comforts ; Payment 
of Wages and Discharge — The Master's Duty in respect of the Passengers — The Master's 
financial Besponsibillties— The Master's Duty In respect of the Cargo— The Bfaster's 
Duty in Case of Casualty— The Master's Duty to certain Public Authorities— The 
Master's Duty in relation to Pilots, Signals, Flaos, and Light Dues— The Master's Duty 
upon Arrival at the Port of Discharge— Appendices relative to certain Legal Matters : 
Board of Trade Certificates, Dietary Scales, Stowsge of Grain Cargoes, Load Line Begnla- 
tions, Life-saving Appliances, Carriage of Cattle at Sea, Ac., Ac — Copious Index. 

" No IntelllRent Master should Ml to add this to his list of necessary books. A few lines 
of It may savb ▲ lawtkb's pbb, bbsidbs bhdlbss yroKax."— Liverpool Journal of Oommtret, 

** Sbbsiblb. plainly written. In olbab and hov-tbchhical lahocaob, and will be found of 
■uoH saavxcB by the Shipmaster."— /i»'«MA TnuU Review. 



Second Edition, Revised. With Diagrams. Price 2s. 

Latitude and Longitude: 

HCo^sir to Fi]:]id tlnexxn. 

By W. J. MILLAR, C.E., 

Late Secretary to the InaU of Engineers and Shipbuilders in Scotland 

** GoNOiBXLT and clkarlt wbittsn . . . cannot but proye an aoqnisition 
(o those stadying Navigation."— Marine Engineer, 

** Tonng Seamen will find it handt and useful, simplb and oliab."- Th€ 
Bngineer. ^ _ 

FiRST AID AT SEA. 

THntD Edition, Revised. With Coloured Plates and Numerous niustra- 

tions, and comprising the latest Regulations Respecting the Carriage 

of Medical Stores on Board Ship. Price 6s. 

A MEDICAL AP SURGICAL HELP 

FOR SHIPMASTERS AND OFFICERS 
IN THE MERCHANT NAVY. 

BY 

WM. JOHNSON SMITH, F.R.O.S., 

Principal Medical Officer, Seamen's Hospital, Greenwich. 

*,* Tbe attontion of all Intorested In our Merchant Navy is requested to this exoeedingly 
osefnl and Taloable work. It is needless to say that it is the ontoome of many years 
PB^onoAL BZPBRixMcs smongst Seamen. 

*'SOOMI>. JUDIOXOOB. SBALLT HBLPTDL "— Tte Loncet. 

*^* For Complete List of Griffin's Nautioal Skbim, see p. 39 
LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET. STRAND. 



44 CHARLES ORIFFIN A 00:S PUBLICATIONS. 

GRTFrnrs naxttical sebies'. 

Eighth Edition. Bevised, with Chapters on Trim, Buoyancy^ and Galcula^ 
tions. Numerous lUfistnUions, Handsome Cloth, Crovon 8vo. Price 7s. 6d. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval Architect. 

Specially arranged to suit the requirements of Ships' Officers, Shipowners, 
Superintendents, Draughtsmen, Engineers, and Others, 

This work explains, in a simple manner, such important sabjects as :— Displacement. 
— DeHdweighL— Tonnage.— Freeboard.— Moments.— Buoyancy.— Strain.— Stnicture. — 
Stability.— Boiling.— Ballasting.— Loading.— .shifting Cargoes.- Admission of Water.— 
Sail Area.— ifec. 

**The little book will be found kxcudiholt hardt by most oflBcers and ofBdals connected, 
with shipping. . . . Mr. Walton's work will obtain lastiko success, because of its amqao 
fitness for those for whom it has been written.*'— iSMppiiu^ World. 



BY THK SAMK AUTHOR, 

Steel SUps: Their Construction and Maintenece. 



(See page 38.) 



FiFTEBMTH EDITION, Tlioroughly Bevisedf Greatly Enlarged, and Beset 
Throughout, Large Svo, Cloth, pp, i-xxiv+708. With 280 Illustra- 
tions, reduced Jrom Working Drawings, and 8 Plates, 21«. net, 

A MANUAL OF 

MARINE ENGINEERING: 

COMPRISING THE DESIGNING, CONSTRUCTION, AND 
WORKING OF MARINE MACHINERT. 

By A.E. SEATON, M.LC.Em M.LMeeh.B.. H.LN.A. 

General Contents. — Part I. — Principles of Marine PropuLsion. 
Pabt II. — Principles of Steam Engineering. Part III. — Details of 
Marine Engines : Design and Calculations for Cylinders, Pistons, Valves^ 
Expansion Valves, &c. Part IV.— Propellers. Part V.— BoilerB*^ 
Part VI. — Miscellaneous. 

"The Student, Drauirhteman, and Engineer will find this work the most talcablk 
Handbook ot Reference on the Marine Encine now in exirtenoe.'*— JfoHne Enoineer^ 

Eighth Edition, Thoroughly Revised. Pocket-Size, Leather. Ss. 6d. 
A POOKET-BOOK OF 

MARINE ENGINEERING ROLES AND TABL^<S, 

FOR THE USB OF 

Marine Ensrineeps, Naval Architects, Desifirneps, Draasrhtsmen. 
Saperintendents and Otners. 

By a. E. SEATON, M.I.O.E., M.I.Mech.E., M.I.N.A.. 

AND 

H. M. ROUNTHWAITE, M.LMech.E.. M.I.N.A 

"Admixablv pulpils its purpose.'*— ilforiM Enginttr. 

lONDON: CHARLES GRIFFIN * CO.. UNITED. EXETER STREET, STRAND^ 



BNQINSKRINQ AND MBOHAJSIOS. 45 

WORKS BT PROF. ROBERT H. SMITH, Assoe.H.LC.EM 

M.LM.S., M.LKLK, HLMlnJC^ Whit Boh., HOnLMatji 



THE CALCULUS FOR ENGINEERS 

AND PHYSICISTS, 

Applied to Teehnieal Problems. 

WITH KXTKHBITB 

OIiASSIFIBD BEFEBEZrOB LIST OF UTTBGBAIJS. 
By PROP. ROBERT H. SMITH. 

ABBtBTXD tfl 

R. P. MUIRHEAD, M.A., B.Sa, 

Formerly Olark Fellow of Qhmgow Univertlty, and Leotorer on Mathemfttloi tX 
MMon Oollege. 

In Crown %vo, extra, with Diagrams and Fotdtng-Plate. 8s. 6d. 

** Pbof . R. EL 8m rb'b book will be lenioeable In rendering a hard road as babt as rftAcno- 
▲BU for the non-mathematical Student and Bnttoeer."— ^tto wn t. 

" Interesting diagram!, with practical llluBtrationB of actual occnrrence, are to be found here 
in abondance. Tbb tbet ooMFLsra cla8«ivibi> bbfibbvob tablr will prove very neefw In 
laTtng the time of thoie who want an integral in a hurry. "—TJU Xngimser. 



MEASUREMENT CONVERSIONS 

(EngliBh and Frenoh) : 
28 GRAPHIC TABLES OB DIAGRAMS. 

Showing at a glance the Mutual Contxbsion of Mbasubxmxntb 
in DmrKBBNT Units 

Of Xjengths, Areas, Volumes, Weights, Stresses, Densities, Quantities 

of Work, Horse Powers, Temperatures, fto. 

For ttiM UM of EngtMertf Surveyon, AroMtecta, nnd Contracton, 

In 4t0t Boards. 78. 6d. 



* * Prof. Smith's CrONYSRSiON-TABLES form the most unique and 00m- 
prehensiye collection ever placed hefore the profession. By their use much 
nme and labour will he sayed, and tiie chances of error in calculation 
diminished. It is helieved that henceforth no Engineer's Office will be 
oonsidered complete without them. 

" The work Is iittaluablb."— Col{««rf QnMrdian. 

'* Ouffht to be In btbet offloe where even oeeaslonal oonverslona are required. . . . Prat 
Bmrh'b Tablbs form Tery bxcbubbv cbbokb on reeulta."— JRceCrieoJ Bnino. 

' Prof. Smith deeervea the hearty thanka, not only of the BnaiBBBK, but of the Oommbboiak 



WoKLD, for haTing smoothed the way for the adoftiok of the Mbrlic Htbvbii of MBASUBBMBBy, 
a iuhlect which la now aasnming great im ' * 

fOBBiOH VBADB."— Th« MooMury MurkU. 



a iuhlect which la now aasnming great importance as a factor in maintaining our hou> npoa 



LONDON: CHARLES GRIFFIN « CO., LIMITED. EXETER STREET. STRANa 
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Seoond Edition. In Large 8vo. Handsome Cloth. 16s. 

CHEMISTRY FOR ENGINEERS. 

BERTRAM BLOUNT, and A. G. BLOXAM, 

F.I.O., P.O.8., A.I.C.E., F.LO., F.C.8., 

Consulting Gbemlst to the Crown Agenta for OonsnlUng Chemist, Head of the CbemisUy 

the Colonies. Department, Uoidsmltbs' InaL. 

Xew Cross. 

OBNBKAL CONTENTS.— Introduction— Cbemlstry of the Chief Material* 
of ConBtTuOtlon— Sonroei of Energy— ChemiBtry of Steam -rating— Chemis- 
try of Lubrication and Lubricants— Metallurgical Processes used in the 
Winning and Manufacture of Metals. 

"The authors hsve bdocbrdkd befond all expectation, and hsTe prodnced a work which 
ahonld give fresh powbr to the £ngineer and Manufactarer."— 77^ Timu. 

**Pbactioal THaocGHOUT . . . sn ADMiEABLi TBXT-BOOK, uaeful not onlj to Students, 
bat to EifoiifBBBS and Mabaobbs or workb In pbbtbntiho wabtb and iiifbo7ibo PBOCBasBa"— 
MwUman. 



For CompanioQ Volume by the same Authors, see *'0hbmi8TRT 
FOR Manupacturkrs," p. 71. 

Pocket Size, Leather Limp, with Gilt Edges and Rounded Comers, printed on Special 
Thin Paper, with Illustrations, pp. i-xii + 834. Price ISs. net. 

(THE NEW " NYSTROM ") 

THE MECHANICAL ENCINEER'8 REFERENCE BOOK 

A Handbook of Tables ^ Formulas and Met?iods/or Engineers, 
SivdeMs and Draughtsmen, 

By henry HARRISON SUPLEE, B.Sc, M.E. 

Tables, Formulas, and Reference Data for Mechanical £ngin(>er8. comprising machine 
design and information relating to the drawing office and the designing department; 
intendeil as a succe.snor to the well-known Pocket- Book written many years ago by die 
late John W. JXybtrovi.— Publishers' Sole, 



Works by WALTER R. BROWNE, M.A., M.InslG.E., 

Late Kellow of Trinity College, Cambridge. 

THE STUDENT'S MECHANICS: 

An Introdueuon to the Study of Foree and Motion. 

With Diagrams. Crown Syo. Cloth, 4s. 6d. 

" Qear in style and practical in method, 'Thb Studbnt's Mbchakics' b cocdlaUy to be 
recommended from all points of yitm.^* —Athtfuntm, 



FOUNDATIONS OF MECHANICS. 

Papen reprinted from the Engifuer. In Crown 8to, is. 
Demy 8vo, with Numerous Illustrations, 9s. 

FUEL AND WATER: 

A Manual for Users of Steam and Water. 

By Prof. FRANZ SCHWACKHOFER of Vienna, and 
WALTER R. BROWNE, M.A., C.E. 

Gbnbkal ContbnT)*.— Heat and Combustion— Fuel^ Varieties ol— firine Arrange- 
ments: Furnace, Flues, Chimney — The Boiler, Choice of— Varieties— Feed-water 
Heaters— Steam Pipes— Water : Composition, Purification— Prevention of Scale, &c, &c. 
" The Section on Heat is one of the best and most lucid ever written.**— ^ivm*^' 
" Cannot fiul to be valuable to thousands using steam power."— Aw Ao«f Engmur, 

LONDON: CHARLES GRIFFIN & UO., LIMITED, EXETER STREET, STRANDl 



JBNGINBBBINO AND MEGHANI08. 47 

CBIFFIH'8 lOCAl COVERHMEHT HAH0B00K8, 

WORKS SiriTABLE FOR MUNICIPAL AND COUNTY BNGINBERS, 
ANALYSTS, AND OTHERS. 

See also Davies' Hygieney p. 90, and MacLeod's CcUculatxonSt p. 110 (General Catalogue). 

€^as Manufacture (The Chemistry of). A Handbook on the Pro- 

duction, Purification, and Testing of Illuminating Gas, and the Assay of Bye-Pro- 
ducts. By W. J. A, Bdtterfibld, M.A., F.I.C., F.C.S. With Illustrations. Third 
Edition, Revised. Vol. I., 7s. 6d. net. Vol. II., in preparation. [See page 77 

Water Supply : A Practical Treatise on the Selection of Sources and the 
Distribution of Water. By Reginald E. Middleton, M.Inst.C.E., M.Inst.Mech.E., 
F.S.I. With Numerous Diagrams and Plates. Crown 8vo. Ss. 6d. net. [See page 77. 

Central Electrical Stations : Their Desism, Organisation, and Manage- 
ment. ByC.H.WORDiNGHAM,A,K.C.,M.I.C.E. SECOND Edition. 24s.net. [See p. 48. 

Sewage Disposal Works : A Guide to the Construction of Works for 
the Prevention of the Pollution by Sewage of Rivers and Estuaries. By W. Santo 
Crimp, M.InstC.E., P.G.S. Skoond EDmoN, Revised and Enlarged. Large 8vo, 
Handsome Cloth. With 37 Plates. Price 30s. [See page 76. 

Trades* Waste : Its Treatment and Utilisation, with Special Reference 
to the Prevention of Rivers' Pollution. By W. Naylor, F.C.S., A.M.Inst.C.E. 
With Numerous Plates, Diagrams, and Illustrations. 2l8. net. [See page 76. 

Calcareous Cements: Their Nature, Preparation, and Uses. With 
some Remarks upon Cement Testing. By Gilbert Redorate, As8oc.Inst.C.E., 
and CUAS. Spaokman, F.C.S. With Illustrations, Analytical Data, and Appendices 
on Costs, Ac. 158. net. [See page 76. 

Road Making^ and Maintenance : A Practical Treatise for Engineers, 
Surveyors, and others. With an HLstorical Sketch of Ancient and Modem Practice. 
Bv Thomas Aftken, Assoc. M. Inst. C.E., M. Assoc. Municipal and County Engrs.; 
M. San. Inst. With numerous Diagrams and Illustrations. 2l8. [See page 79. 

light Railways at Home and Abroad. By William Henrt Colb, 

M.In8t.C.E., late Deputy Manager, North-Westem Railway, India. Large 8vo, 
Handsome Cloth, Plates and Illustrations. 16s. [See page 30. 

Practical Sanitation : A Handbook for Sanitary Inspectors and others 
interested in SaniUtion. By Geo. Rrid, M.D., D.P.H., Medical Officer, Staffordshire 
County Council. With Appendix on SaniUry Law, by Herbert Manley, M.A,, M.B., 
D.P.H. Twelfth Edition, Ihoroughly Revised. 6s. [See page 78, 

Sanitary Engineering: A Practical Manual of Town Drainage and 
Sewage and Refuse Disposal. By Francis Wood, A.M.Inst.C.E., F.G.S. Second 
Edition, Revised. Fully Illustrated. Ss. 6d. net. [See page 78. 

Dairy Chemistry: A Practical Handbook for Dairy Managers, Chemists, 
and AnalysU. By H. Droop Richmond, F.I.C, Chemist to the Aylesbury Dalir 
Company. With Tables, Illustrations, <&c. Handsome Cloth, 16s. [See page 78. 

Dairy Analysis: The Laboratory Book of. By H. Droop Richmond, 
F.I.C. Fully Illustrated, Cloth. 2s. 6d. net. [See page 78. 

Milk: Its Production and Uses. With Chapters on Dairy Farming, 
The Diseases of Cattle, and on the Hygiene and Control of Supplies. By Edward F. 
WiLLOUGHBT, M.D. (Lond), D.P.H. (Lond. and Camb.), Inspector of Farms and 
General Scientific Adviser to Welford <& Sons, Ltd. 6s. net. [See page 78. 

Flesh Foods: With Methods for their Chemical, Microscopical, and 
Bacteriological Examination. A Handbook for Medical Men, Inspectors, Analysts, 
and others. By C. Ainsworth Mitchell, B.A., F.LC, Mem. Council Soc. of Public 
Analysts. With numerous Illustrations and a coloured Plate. 10s. 6d. [See page 74. 

Foods: Their Composition and Analysis. By A. Wynter Blyth, 
M.R.G.S., F.C.S.. Public Analyst for the County of Devon, and M. W Blith, 
B.A., B.Sc. With Tables, Folding Plate, and Frontispiece. Fiith Edition, 
Thoroughly Revised. 21s. [See page 72. 

"An admirable digest of the most recent state of knowledge."— CAemico^ IfewM. 

LONDON : CHARLES fiRIFFIN ft CO.. LIMITED. EXETER STREET. STRANa 
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ELECTRICAL ENGINEERING. 

Skcond Edition, Revised. In Large 8zv. Handsome Cloth, Projusely 
Illustrated with Plates^ Diagrams^ and Figures. 245. net. 

CENTRAL ELECTRICAL STATIONS: 

Their Desisrn, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mech.E.^ 

Late Memb. of Council InscE. E., and Electrical Engineer to the City of Manchester ; 
Electrical Engineer-in-Chief to the Admiralty. 

ABRIDGED CONTENTS. 

Introductory. — Central Station Work as a Profession.— As an Investment. — ^The Estab- 
lishment of a Central Station —Systems of Supply.— Site.— Architecture.— Plant.— Boilers — 
Systems ol Draught and Waste Heat Economy.— Coal Handling, Weighing, and Storing.— 
llie Transmission of Steam. — Generators. — Condensing Appliances. — Switching Gihu 
Instruments, and Connections.— Distributing Mains.— Insulation, Resbtance, and CosL — 
Distributing Networks — Service Mains and Feeders. — Testing Mains. — Meters and 
Appliances. — Standardising and Testing Laboratory — Secondary Batteries. — Street Light- 
ing. — Cost. — General Organisation — Mains Department. — InxtaUation Department. — 
Standardisine Depeurtment— Drawing Office — Qerical Department. — The Consumer. — 
Routine and Main Xaying. — Index. 

" One of the most yaluablb contributions to Central Station literature we have had 
for some xxvoa,"— Electricity. 



In Laige Syo. Handsome Cloth. Profusely Illustrate. 12s. 6d. net. 

ELECTRICITY CONTROL. 

A Treatise on BleetPie Switchgear and Systems of Electric Transmission. 
By LEONARD ANDREWS, 

Associate Membet of the Institution of Civil Engineers, Member of the Institution of 
Electrical Engineers, &c' 

General Principles of Switchgear Design. —Constructional Details.— Circuit Breakers or 
Arc Interrupting Devices.— Automatically Operated Circuit Breakers. — Alternating Reverse 
Current Devices. — Arrangement of 'Bus Bars, and Apparatus for Parallel Running.— 
General Arrangement of Controlling Apparatus for High Tension Systems. — General 
Arrangement of ControUmg Apparatus for Low Tension Systems. — Examples of Complete 
Installations. — Long Distance Transmission Schemes. 

" Not often does the specialist have presented to him so satisfactory a book as this. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the subject." — Power, 



Seventsenth Edition, Thoroughly Revised and Enlarged. &. 6d. 

A POCKET-BOOK 

OP 

ELECTRICAL RULES & TABLES 

FOR THE USE OF ELECTRICIANS AND ENGINEERS. 

By JOHN MUNRO, C.E., & Prop. JAMIESON, M.Inst.C.E., F.R.S.B. 
With Numerous Diagrams. Pocket Size. Leather, 8s. 6d. 

aENERAL OONTBNT8. 

Units of Measurement. — Measures. — Testing. — Conductors. — Dielectrics. — Suhmarine 
Cables.— Telegraphy.-Electro-Chemistry. — Electro-Metallurgy.— Batteries. — Dynamos and* 
Motors. — Transformers. — Electric Lighting. — Miscellaneous. — Logarithms. — Appendices. 

" WoNDBRPULLT Pmsfbct. . . . Worthy of the highest ooaunflodation we can 
giTB \\.*'—EUctrician. 

"The Stbrumg Talub of Mesas. Munso and Jamibsom's PoouT'Book.''— 
EUctrical Ktvitm. 

LONDON: CHARLES GRIFFIN A CO., UMITED. EXETER STREET, STRAND. 



ELECTRIOAL ENQINEERINO, 49- 

JusT Out. In Handsome Cloth. Profnsely Illnstrated. 88. 6d. net. 

WIRELESS TELEGRAPHY. 

BY 

GUSTAVE EICHHORN, Ph.D. 

CoMTBNTB.— Oscillations.— Closed Oscillation Systexn^.— Open Oscillation- 
Systems. — Coupled Systems. — The Coupling Compensating the Aerial Wire. — 
Tne Receiver. — Comparative Measurement m the bender.— Theoretical Results 
and Calculations in respect of Sender and Receiver.— Closely-Coupled Sender 
and Receiver.— Loose-Coupled Sender and Receiver.— Principal Formulae.— 
The Ondameter.— Working a Wireless Telegraph Station.— Modem Apparatus 
and Methods of Working.— Conclusion.— Bibliography. — Inpex. 



Just Out. Large 8vo, Handsome Cloth, with 3SH Pages and 
307 Illustrations. 16s. net. 

ELECTRICITY METERS. 

BY 

HENRY G. SOLOMON, A.M.Inst-C.E. 

Contents.— Introductory. —-General Principles of Continuous - Current 
Meters.— Continuous-Current Quantity Meters.— Continuous- EJnergy Motor 
Meters —Different Types.- Special Purposes, i.e., Battery Meters, Switchboard 
Meters, Tramcar Meters. — Gkneral Principles of Single- and Polyphase Induc- 
tion Meters.— Single -phase Induction Meters. — Polyphase Meters.— Tariff 
Svstems.— Prepayment Meters — Tariff and Hour Meters.— Some Mechanical 
Features in Meter Design. — Testing Meters. — Index. 



ELECTRIC SMELTING AND REFINING. 

By Dr. W. BORCHERS and W. G. McMILLAN. 
Second Edition, Revised and Enlarged. 21s. net. 



ELECTRO-METALLURGY, A Treatise on. 

By WALTER G. McMILLAN, F.LC, F.C.S. 
Second Edition, Revised and in Part Re- Written. lOs. 6d. 



ELECTRICAL PRACTICE IN COLLIERIES. 

By D. burns, M.E., M.Inst.M.E. 
(See page 58.) 



GRIFFIN'S ELECTRICAL PRICE-BOOK. 

Editm) by H. J. DOWSING. 
(See page 31.) 

LONDON: CHARLES GRIFFIN * CO.. LIMITED, EXETER STREET. STRAND. 



5© CHARLES GRIFFIN Jk 00:8 PUBLIOATION8. 

By PROFESSORS J. H. POYNTING A J. J, tHOMSOW 

In Five Volumes. Large 8yo. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 

J. H. POYNTING, J. J. THOMSON, 

sc.D., f.E.8., AifD M.A., f.a.a., 

tot« Fellow or Trinlt/ (Tollece, Cambridge: Fellow of Trinltj Collcm, Ounbridce: Prot 

Profeaeor of PhjBlci, BtrminRh»m of Bxperimentol Physiealn the 17niv«>r«lt7 

Uslvenity. of Oembridfce. 



Introductort Volume. Third Edition, Revised. Fully Illustrated. 

Shortly. 

PROPESRrriEss OF ssiLrrrrESR. 

OoKTBKTB.— Qravit»t1on.--The Aocelerstlon of Gravity. — Elasticity. — Stressor and 
StiiainB.->Toreion.— Bending of Rodi*.— Spiral Springe — Collision.— Compreesibilit^ of 
Liqaida.— Preeeures and Volcm«8 of Oafies.- Thermal EffecM Acconip:«nying Strain.— 
Capillarity.— San ace Tension.— Laplace's Theory of Capil.arity.— bitfnsion of Liqnicis — 
Dinnsion of Oases.— VincoHity of Liquids.— Imdkx. 

" Students of physics cannot fail to derive l>eneflt from the book."— JTnoirtedo*. 

"We regard this book as quite indiBpensahle not merely to teachers but to iihyaicists of every 
Krade above the lowest."— l/niventUy Corrtapondent, 



Volume II. Third Edition. Fully Illustrated. Price 8s. 6d 

S O XJ N^ I>. 

CoHTKNTs. — The Nature of Sound and its chief Characeristica.— The Velocity of Nound 
in Air and other Media.— Re fl« c ion and Refraction of Sound.— Freqnencv and Pitch of 
Noted.- Resonance and Forced Oscillations.- Analysis of Vibrations.— The TraDs\«rae 
Vibrations of Stretched Strings or Wires —Pipes and other Air Cavities.— BodB.—Plaie». 
—Membranes.— Vibrations maintained by Beat. —Sensitive Flames and Jeta.- Musical 
Rand.- The Snperpoaition of Waves.- Indi-x. 

'* The work . . . maybe recommended to anyone desirous of possessing an bart, 
OF^o-DATB Stakdakd Trkatisb On Acoustlos."— Z,t7«ra/«r«. 

" V^ry clearly written. . . . The names of the authors are a guarantee of the 
HjunmFio ACCDRACT and up-to datk ohasactrb of the yHorky— Educaticnat Time*. 



Volume III. Second Edition, Revised. Fully Illustrated. Price I6s. 

Contents. — Temperatui-e. — Expansion of Solids — Liquids. — Oases. — Circulation 
and Convection.— Quantity of Heat ; Specitlc Heat. —Conductivity.— Forms of Energy ; 
Conservation; Mechanical K<iuivalent of Heat.— The Kinetic Theory —Change of State; 
Liquid Vapour. — Critical Points. —Solids and Liquids. — Atmospheric Conditions. — 
Radiation —Theory of Exchanges.— Radiation and Temperature.— Therroodynaroics. — 
Isothermal and Adiabatic Changes.— Thermodynamics of Changes of State, and Solu- 
tions.— Thermodynamics of Radiation.— Index 

" Well up-to-date, and extremely clear and exact throughout. ... As clear aa 
it would be possible to make such a text-book."— A'aCufv. 

Remaining Volumes in Preparation — 
LIGHT; MAGNETISM AND EIiECTBICITT. 



THE MEAN DENSITY OF THE EARTH : An Essay to which the 
Adams Prize was adjudged in 1893 in the University of Cambridge. By J. H. 
POYNTINO, Sc.D.. F.R.S., Late Fellow of Trinity College, Cambridge; Professor of 
Physics, Birmingham University. In Large 8vo, with Bibliography, Ulustrationa in 
the Text, and Seven Lithographed Plates. 12s. 6d. 

LONDON: CHARLES GRIFFIN A CO., LIMITED. EXETER STREET, STRAND. 



OEOLOOY, MINING, AND METALLURGY. 



5» 



Grfffln's Geofogicaf, Prospecting, Mining, and 
Metaiiurgical Pubiicaticns. 



Geology, Stratifirraphieal, 
„ Physieal, 
„ Practical Aids, 
M Open Aip Studies, . 

Prospectinfi: for Hinepals, 

Food Supply, . 

New Lands, . 

Building Construction, 
Ore and Stone Mining, . 

Elements of Mining, 

Coal Mining, . 

Practical Coal Mining,. 

Elementary „ 

Electrical Coal Mining, 
Mine-Surveying, 
Mine Air, Investigation of. 
Mining Law, 
Blasting and Explosives, 
Testing Explosives, . 
Mine Accounts, . 
Mining Engineers' Pkt.-Bk., 
Petroleum 

A Handbook on Petroleum, J. H. Thomson and Dr. Redwood, 61 



R. Bthbbidgk, F.R.S., . 
Prop. H. G. Sebley, . 
Peof. Grenville Oolb, 

S. Herbert Cox, A.RS.M., . 

RoBT. Bruce, 

H. R. Mill, D.Sc, F.R.S.E., 

Prop. James Lyon, 

Sir 0. Lb Neye Foster, 

H. W. Hughes! F.G.S, 

G. L. Kerr, M.Inst.M.E., . 

>i » 

D. Burns, .... 
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of Tasmania : Director of Queensland Qoyemment School of Mines, Charters Towers : 

And CHAS. WALKER, F.C.S.. 

. jDonstrator in Chemistry, Sydney Univen " 
and Metallurgy, Charters Towers School c 

Part I. — Qaalitative Analysis and Preparation and Properties of Gases. 
Part IL —Qaftlitative and Quantitative Analysis. Part IIL — Assaying, 
Technical Analysis (Gas, Water, Fuels, Oils, &c. ). 

"The publication of this volume tends to prove that the teaching of metallurgical 
analyslB and assaying in Australia rests in competent hajidB.**— Nature. 



ormerly AaslsL-Demonstrator in Chemistry, Sydney UniTerslt/ ; Lecturer n Chemistry 
- ' " "• lof Mines 



In Crown 8vo, Beaatifully Illustrated with nearly 100 
Microphotographs of Steel, &c. 7s. 6d. net. 

HIGROSGOPIG ANALYSIS OF METALS. 

By FLORIS OSMOND & J. E. STEAD, F.R.S., F.LC. 

CoNTKNTS.— Metallography cousidered as a method of Assay. — Micro- 
graphic Analysis of Carbon Steels. — Preparation of Specimens.— Polishing. 
— Constituents of Steel ; Ferrite ; Cementite ; Pearlite; Sorbite; Martensite: 
Hardenite; Troostite; Austenite. — Identification of Constituents.— Detailea 
Examination of Carbon Steels. — Conclusions, Theoretical and Practical. — 
Apparatus employed.— Appendix. 

" There has been no work previously published in English calculated to be so useful to 
the student in metallographic research."— /ron and titeel Traded Journal. 



Third Edition. With Folding Plates and Many IllustrationB. 368. 

A PRACTICAL TREATISE ON THE ART OF EXTRACTING METALS 

FROM THEIR ORES. 

By J. ARTHUR PHILLIPS, M.Inst.O.K, F.C.S., F.G.8., Ac. 

And H. BAUERMAN, V.P.G.S. 

General Contents. — Refractory Materials. — Fire-Clays. — Fuels, &c — 
Alnmininm. — Copper. — Tin. — Antimony. — Arsenic. — Zinc. — Mercury. — 
Bismuth. —Lead.— Iron.— Cobalt. — Nickel- Silver. — Gold.— Platinum. 

"Of the Third Edition, we are still able to say that, as a Text-book <ji 
Metallurgy, it is the best with which we are acquainted.''— i?n^in«er. 

** A work which is equally valuable to the Student as a Text-book, and to the 
practical Smelter as a Standard Work of Keference. . . . The niusteatioiis 
are admirable examples of Wood Engraving.*' — ChemkcU Newt. 

LONDOH: CHARLES QRIFFIN A CO., LIMITED, EXETER STREET. STRANG 



MBTALLURGIOAL WORKS. 6s 

At Press. Sboond Edition, Revised Throughout and Enlarged, Re-set 

on Larger Page, With Valuable Bibliography^ New Maps, 

Illustrations^ Ac 

PETROLEUM AND ITS PRODUCTS. 

By SIB BOVEBTON BEDWOOD, 

F.B.S.E., F.LOm AMOaRO.S., 

Hod. Ooir. Mam. of th« ImperUl Bnnlan Technical Sodetjr; Mem. of the Amerlean Ohomkal 

Sooietj ; Adriaer to tae Home Office and to the Oorporatlon of London nndor tho 

Petroleum Acta, Jkc.« oc 



WUh Plates {One Coloured) and lUhstratums. Price Ss, 6<2. net. 

A HANDBOOK ON PETROLEUM. 

FOR INSPECTORS UNDER THE PETROLEUM ACTS, 

And for those engaged In the Storage, Transport, Distribution, and 

Indnstilal Use of Petroleum and Its Products, and of Oaloluin 

Oarblde. With suggestions on the Ck>nstruotlon and 

Use of Mineral Oil Lamps. 

By CAPTAIN J. H. THOMSON, 

H.M. Chief Inspector of Exploaivea, 

And sir BOVERTON REDWOOD, 

Author of " Petrolenm and its Prodncts." 

001ITBNT8.--I. Introdoctory.— IL Sources of Supply.— III. Production.— IV. Chemical Pro- 
duota. Shale Oil, and Coal Tar.— V. Flash Point and Fire Test— VI. Teatinin.— VII. Bxiating 
LoKlslation relating to Petroleum.- VIII. —IX.— Precautions Neoeaaary.— X. Petroleum Ofl 
Lampa.— XL Carbide of Oaldnm and Acetylene.— Appendices.— Ikdbx. 

" A volume that will enrich the world's petroleum literature, and render a service to the 
British branch of the industry. . . . Beliable, indispensable, a brilliant contribution."— 
Petroleum, 

At Pbess. In Crown 8yo. Fully Illustrated. 

THE LABORATORY BOOK OF MINERAL OIL ANALYSIS. 

By J. A. HICKS, 

Chemist to Sir Boverton Bedwood. 
CoHTKNTS. — Specific Gravity. — Flashing Point — Testa. — Viscosity. — Colour. — 
Apparatus. —Detection of Petroleum Vapour.— Capillary Test.— Melting Point of Paraffin 
Scale and Wax.— Oil in Scale.— Estimation of Sulphur, of Water.— Calorific Value.— 
Tables.— IKDEX. 

O I ri F TJ IEIaz 

ITS 3UPPLY, COMPOSITION, AND APPUOATION. 

By SIDNEY H. NORTH. 
{See page 29). 



THE PETROLiBUM LtAJMEP: Its Choice and Use. A Guide 
to the Safe Employment of Mineral Oil in what is commonly termed 
the Paraffin Lamp. By Capt. J. H. Thomson and Sir Boverton 
Rkdwood. Popular Edition, Illustrated. Is. net. 

'* The book contains a nest deal of interesting reading, much of which Is thoroughly practical 
and useful. It is a work which will meet every purpose for which it has been written."— 
Pefroicttm. 

LONDON: CHARLES ORIFFIN ft CO., IIMITED. EXETER STREET. STRANG 



6» GBARLB8 QRIFFIlf * CO.'S PUBLIOATIOITS. 

STANDARD WORKS OF REFERENCE 

FOR 

Hetallarglsts, Mine-Owners, Assayers, Hanufaeturen, 

and all interested in the development of 

the Hetallargieal Industries. 

BDITBD BT 

Sir W. ROBERTS-AUSTEN, K.C.B.. D.C.L, F.RS. 

Im Larg* 8cw, HoHdaomu Cloth, tVitk Iliwtrutimt, 



INTBODUOTION to the STUDY of METAIiLUBGY. 

By the Editor. Fifth Edition. i8s. (Seep. 63.) 

GOLD (The Metallurgy of). By Thos. Kirke Rose, 
D.Sc., Assoc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (Seep. 63.) 

LEAD AND SILVEB (The Metallurgy of). By H. F. 

Collins, Assoc R.S.M., M.Inst M.M. Part I., Lead, i6s; Part 
II., Silver, i6s. (See p. 64.) 

IB ON (The Metallurgy of). By T. Turner, A.R.S.M,, 
F.I.C., F.C.S. Second Edition, Revised. i6s. (Seep. 65.) 

STEEL (The Metallurgy of). By F. W. Harbord, 

Assoc. R.S.M., F.LC, with a Section on Mechanical Treatment by 
J. W. Hall, A.M.Inst.C.E. Second Edition. 25s. net. (See 
p. 65.) 

IViU it PuiUsked at Skcrt Intervals. 

METALLUBGICAL MAOHINEBY : the Application of 
Engineering to Metallurgical Problems. By H en r y Charles J bnkins, 
Wh.Sc, AssocR.S.M., Assoc M. Inst. C.E., of the Royal College of 
Science (See p. 64). 

OOFFEB (The Metallurgy of). By Thos. C. Cloud, Assoc 
R.S.M. 

ALLOYS. By Edward T. Law, Assoc.R.S.M. 
*«* Other Volumes in Preparation. 

lONOON: CHARLES fiRIFFIN ft C0» LIMITED. EXETER STREET. STRAND. 
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GBIFFIN'S METAIiIiimaiOAIi SEBIES. 



Fifth Edition, thoroughly Revised and considerably Enlarged. Large 

8vo, with numerous Illustrations and Micro-Photographic 

Plates of different varietiea of Steel. 1 8s. 

An Introduetion to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., r.R.S., A.R.S.M., 

Late Chemist and Assayer of the Ro3ral Mint, and Professor of Metallurgy 
in the Royal College of Science. 

Gbnbkal Contents. — The Relation of Metallurgy to Chemistry. — Physical Properties 
of Metals.— Alloys. The Thermal Treatment of Metals.— Fuel and Thermal Measurements. 
— Materials and li-oducts of Metallurgical Processes. — Furnaces. — Means of Supplying Air 
to Furnaces.— Thermo- Chemistry.— "^rpical Metallurgical Processes.— The Micro-Structure 
of Metals and Alloys. — Economic Considerations. 

*' No English text-book at all approaches this in the completeness with 
which the most modem views on the subject are dealt with. Professor Austen's 
volume will be invaluable, not only to the student, but also to those whose 
knowledge of the art is far advanced." — Chemical News, 



Fifth Edition, Revised, Considerably Enlarged, and in part Re- written. 
With Frontispiece and numerous Illustrations. 2 Is. 

THE METALLUR6T OF GOLD. 

BT 

T. KIRKE ROSE, D.ScLond., Assoc.R.S.M., 

Chemist and AsMyer of the Royal MinL 

Gbnisral Coktentb.— The Properties of Gold and its AII07B.— Chemistry of the 
Coinpomidsof Gold.— MLode of Occurrefnce and Dlntribntion of Gold.— Shallow Placer 
Deposits.— Deep Placer Deposits.- Quartz CmshlDff in the Stamp Battery.— Amalgam- 
ation in the Stamp Battery.— Other Forms of Cmahing and Amalgamating Machinery. 
—Concentration in Gold Mills.— Diy Crashing.— Ee-grinding.— Roasting.— Chlorinatlon: 
Hie Plattner Process, The Barrel Process, The vat-Solntion Process.- The Cyanide 
Process.— Chemistry of the Cyanide Process.— Keflning and Parting of Gold Bollion. 
—Assay of Gold Ores.— Assay of Gold Bullion.— Statistics of Gold Production.- Bibllo- 
grapt^.— Index. 

" A ooMPBKHBNSiVB PKA.OTIOAL TSEATisB on thIs important sabject"— The Timet. 

'*The MOST ooMPLBTB description of tue oHuoRiNATioir fboobsb whioh has yet been pob- 
Ushed."- Mining Journal. 

** Adapted for all who are interested in the Gold Mining Industry, being free from teoh- 
niealities as far as possible, but is more particularly of valae to those engaged in the 
tndnstry."— Cape Tirnt*. 

LONDOH: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET. STRAND, 



4 CHARLES GRIFFIN 4k C0,'8 PUBLIGATIONS. 

GBIFFIN'S METAXiLUBaiOAIi SBBIES. 

Editbd by sir W. ROBERTS-AUSTEN, K.C.B., F.R.S., D.C.L. 
In Large 8vo. Handsome Cloth. With lUuUrations, 



In Two Volumes, Each Complete in Itself and Sold Separately. 

THE METALLURGY OF LEAD AND SILVER. 

By H. F. COLLINS, AssocR.S.M., M.Inbt.M.M. 

PAPt I.— IjS 1LI>: 

A Complete and Ezhaostive Treatise on the Manufacture of Lead, 
with Sections on Smelting and Desilverisation, and Chapters on the 
Assay and Analysis of the Materials involved. Price i6s. 

SUVMART or CoNTEins.— Sampling and Anaying Lead and SUyer.— Properties and 
Ctompoondsof Lead.— Lead Orea.— Lead Smelting. —KeTerberatories.— Lead Smelting In 
Hearths.— The Boasting of Lead Ores.— Blast Furaaoe Smelting; Principles, Practice, 
and Bzamples; Products.— Flue Dust, its Composition, Collection and Treatments — 
Costa and Losses, Purchase of Ores.— Treatment of Zinc, Lead Sulphides, Desilrerisatton. 
Softening and Kefining.— The Pattinson Process.— The Parkes Process.— Cnpellation and 
Refining, tJkc., (fee. 

"A THOBOUOHLT souKD and useful digest. May with svert ooitfidbhck be 
recommended."— if tmn^ j€unuU, 



Pa.x*t II.— SIX^VER. 

Comprising Details regarding the Sonrces and Treatment of Silver 
Ores, together with Descriptions of Plant, Machinery, and Processes of 
Mannfaoture, Elefining of Bullion, Cost of Working, &c. Price 16s. 

Summary or Contbnts.— Properties of Silver and its Principal Compounds.— Silver 
res.— The Patio Process.— The Kazo, Jfondon. Krdhnke, and Tina Processes.- The Pan 
Process.— Roast Amalgamation.— Treatment of Tailings and Concentration.— Retorting. 
Melting, and Assaying — Chloridising-Roasting.- The Augustin, Claudet, and Zlervogei 
Processes.— The Hypo-Sulphite Leaching Process.— Reflning.—Matte Smelting.— Pyiltto 
Smelting.— Matte Smelting in Reverberatories.— Silver-Copper Smelting and Refining.— 

INDBX. 

" The author has focussed A large amount of valvablk information into a 
convenient form. . . . The author has eyidently considerable practical experience, 
and describes the various processes clear^ and welL '—Mining Journal. 



metallurgical' MjiiiHERY : 

The Application of Engineering to Metallurgloal Problems. 

Br HENRY CHARLES JENKINS, 

Wh.Sc, AMoe.R.S M., Assoc. M.InH.G.E. 
LONDON: CHARLES GRIFFIN ft CO.. UMITED, EXETER STREET. STRAlia 
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GBIFFIN'S METAIiIiUBGIOAIi 8BBIE8. 



SiooND Edition, Revised. With Numerous Illustrations. Large 8yOr 

Handsome Cloth. 258. net. 

With Additional Chapter on The Electric Smelting of Steel, 

THE METALLDRGY OF STEEL 

By F. W. HARBORD, AssocRS.M., F.I.C., 

Oon9ulting MelcUlurgist and Analytical Chemist to tlie Indian Oovemment, 
Royal Indian Engineering OoUege, Ooopers HiU. 

With 37 Plates, 280 Illustrations in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 
THB MECHANICAL \TRBATMBNT OF STEEL, 

By J. W. HALL, A.M.In8T.C.E. 

Aakiookd GoHTBiiTB.— The Plant, Machinerv, Methods and Ohemlatrr of the Bessemer 
and of tne Open Hearth Processes (Acid and Basic ).— The Meobanlcal Treatment of Steel 
comprising Mill Practice, Plant and Machinery. — The Influence of Metalloids, Heat 
Treatment, Special Steels, Mlorostmcture, Testing, and Specifloations. 

** A woric which we venture to commend as an invaluable compendium of information upon- 
the metallurgy of steel.**— /ron and Coal Tradt£ Review. 

The iBngf neer says, at the conclusion of a review of this book :— " We cannot oonclade without 
earnestly recommending all who may be interested as makers or nseis of steel, which practically 
means the whole of the engineering profesBion, to make themselves acquainted with It as speedily 
as possible, and this may be the more easUy done as the published price, considering the slse 
of the book, is extremely moderate." 



SsooND Edition, Revised. Price 168. 

THE METALLDRGY OF IRON. 

By THOMAS TURNER, Assoc.R.S.M, F.LC, 

Frofeitor of Metallurgy in the UniversUy of Birmingham. 
Ih Labos 8to, HAN0SOMS Cloth, With Numkbous Illustrations 

(MANY FBOM PHOTOGRAPHS). 

Gtiural Contents.— Eaxly History of Iron.— Modem History of Iron.— The Age of Steel. 
— Ohlef Iron Ores.— Preparation of Iron Ores.— The Blast Furnace.— The Air used in the 
Blast Fnmaoe.— Beactions of the Blast Fnmaoe.— The Fuel used in the Blast Furnace.— 
Slags and Fuxes of Iron Smelting.— Properties of Oast Iron.— Foundry Practice.— Wrought 
Iron.— Indirect Production of Wrought Iron.— The Puddling Process.- Further Treatment 
of Wrought Iron. ~ Corrosion of Iron and Steel. 

** A MOST TALUABLR 8UMMART of knowledge reUting to every method and stage 
in the manniactare of cast and wrought iron . . . rich in chemical details. . . . 
ExHAUsnYK and thobouohlt vT'To-hatk, "—Btdletin of the American Iron 
and Sled Aeaodation. 

*' This is A DKLioHTTUL BOOK, giving, as it does, reliable information on a sabjeoft 
becoming every day more elaborate.** — Collierv Ouardian. 

"A THOROUOHLT ussarui. BOOH:, which brings the snbjeot up to date. Of 
OBBAT TALUK to those engaged in the iron industry." — Mining Journal, 



\* For Professor Turner's Lectures on Iron- Founding^ see pajce 68. 

LONDON: CHARLES GRIFFIN A CO., LIMITED. EXETER STREET. STRAK& 



66 CBARLB8 ORIFFIN <ft OO.'S PUBLIOATIOSB. 

A TEXT-BOOK OF ASSAYING: 

For the u»e of StudenUy Mine McuiagerBt Aaaayen, do. 
By J. J. BERINGER, F.I.C., F.C.S., 

PubUc Analyit for, and Lecturer to the Mining Assodatton of, Cornwall. 

And C. BERINGER, F.C.S., 

Liate Chief Auayer to the Rio Tinto Copper Company, London, 

With numerous Tables and Illustrations. Crown 8vo. Cloth, los. 6d. 

Ninth Edition. 

GSNBRAL CONTBKTS. — PART I. — INTRODUCTORY ; MANIPULATION : Sam^ing ; 

Drying ; Calculation of Results— Laboratory-books and Reports. Mbthods : Dry GiaTi- 
metnc: Wet Gravimetric— Volumetric Assays: Titrometnc, Colorimetric, Gascunetrio^ 
Weighing and Measuring^ Reaj^ents— Formulae, Equations, &c.— Specific Gravity. 



Past II.— Mbtals : Detection and Assay of Silver, Gold, Platinum, Mercury, Copper, 
Lead, Thallium, Bismu^ Antimonv, Iron, Nickel, Cobalt, Zinc, Cadmium, Tin, Tungsten, 
Titanium, Manganese, Chromi\im, &c— Earths, Alkalies. 

Part III.— Non-Mbtals : Oxygen and Oxides; The Halc»ena— Sidphnr and Sul- 
phates—Arsenic, Phosphorus, Nitrogen— Silicon, Carbon, Boron — Useful TaUes. 

"A KBAixv MBRZTORious WORK, that may be safely depended upon either for systematic 
instruction or for reference." — Nature. 

"Thu work is one of tbe best of its y^jaA^T—Bnginttr. 

Thibd Edition, Revised. Handsome Cloth. With Numerous 
lUustrcUions. 6s. 

A TEXT-BOOE OF 

ELEMENTARY METALLURGY. 

Including the Author's Pbaotioal Laboratory Coursb. 
By a. HUMBOLDT SEXTON, F.I.C, F.O.S., 

Professor of Metallurgy in the Glasgow and West of Scotland Technical College. 
GBNERAL CONTENTS.— Introduction.— Properties of the Metals.— CombustioD. 
— Fuela^ — Refractory Materials. — Furnaces. —Occurrence of the Metals in Nature. — 
Preparation of the Ore for the Smelter. — Metallurgical Processes. — Iron. — SteeL — 
- Copper. — Lead. — Zinc and Tin. — Silver . — Gold. — Mercury. — Alloys. — Applications 
of Elbctrigitt to Metallurgy. — Labobatobt Course. 

" Just the kind of work for Students oommbnoiiio the study of Metal, 
lurgy^ or for Enoibbebino Students.^ — Practical Engineer. 
" ExoKLLBKTLT got-up aud WBLL-ABRANGKD. " — Chemiool Trode Journal. 

In Large Svo. Handsome Cloth. Price 48. 

qdantita™''metalldrg?cal analysis. 

FOR LABORATORY USE. 

ON THE PRINCIPLE OF * 'GROUP" SEPARATIONS. 

By J. JAMES MORGAN, F.O.S., M.S.O.I. 

" The Author may be ookqbatulatxd on the way his work has been earried out*'— 
Tht Engineer. 

" will oomuirD rrsiLV highly in Laboratory Praotioe. Its oi.kjjkxxss and PBSoinoH 
'mark the book out as a highly naefhl one."— iftfntn^ Journal. 

lOHOOK: CHARLES fiRIFFIN A CO.. LIMITED. EXETER STREET. STRAND. 



ELEGTRO-METALLUHQT, ETO, 



Second Edition, Revised, Enlarged, and in part Re-written. 

With Additional Sections on Modern Thbobibs or Eleotroltsis 

Costs, &c. Price lOs. 6d. 

A TREATISE ON 

ELECTRO-METALLURGY: 

Embracing the Application of Electrolysis to the Plating, Depositing, 
Smelting, and Refining of various Metals, and to the Repro- 
duction of Printing Sor&oes and Art- Work, &c. 

BY 

WALTER G. MCMILLAN, F.I.O., F.O.S., 

Secretary to the Imtitution of Electrical Engineers: late Lecturer in Metatturgy 
at Maecn CoUegCt Birmingham. 

With numerous Illustrations. Large Grown 8vo. Cloth. 

" This excellent treatise, . . . one of the best and most cx>mplxts- 
manuals hitherto published on Electro- Metallurgy.*' — EUctncal Review, 

•' This work wiU be a standabd."— •/etoeiter. 

"Any metallurgioal process which bbduobs the cxmt of production- 
must of necessity prove of great commercial importance. . . , We 
recommend this manual to all who are interested in the fraotioal 
APPLioATiON of electrolytic processes.** — Nature, 



Second Editiok, Thoroughly Revised and Enlarged. In large 8vo. 
With Numerous Illustrations and Three Folding-Plates. 2l8. net, 

ELECTRIC SlELTI]iffr & REPin]if&: 

A Practical Manual of the Extraction and Treatment 

of Metals by Electrical Methods. 

Being the *< Elbktro-Mbtallubgis *' of Dr. W. BORCHERS. 

Translated from the Latest German Edition by WALTER G. M*MILLAN» 

F.I.C., F.O.S. 

CONTENTS. 

Pabt L — Alkalibs and Alkaliioi Earth Mbtals: Masaesiuni^ 
Lithium, Beryllium, Sodium, Potassium, Calcium, Strontium, Barium^ 
the Carbides of the Alkaline Earth Metals. 

Part II.— Ths Earth Metals: Aluminium, Cerium, TjanthanuTn, 
Didymium. 

Part ILL— The Heavy Metals : Copper, Silver, Gold, Zinc and Cad- 
mium, Mercury, Tin, Lead, Bismuth, Antimony, Chromium, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, Nickel, and Cobalt, the Platinum 
Group. 

" Comprehensive and AUTHOBrrAnYB ... not only full of yaluable owoe- 
MAIIOE, bnt gives evidence of a thobouoh iksioht into the technical value and 
POSSIBILITIES of all the methods dlscossed."— TAe Eleetrician. 

" Dr. BOBOHEBS' WBLL-KKOWN WOBK . . . moSt OP NEOESSITT BE AO<)UIBED by 

eveiT one Interested in the subject. Excellently put Into EngUah with additional 
matter by Mr. M«MiLLAir. "—Aa(ur«. 
" Will be of obeat sbevior to the practical man and the Btadent," ^Bleetric SmeltinQ, 

LONDON: CHARLES BRIFFIN ft CO.. LIMITED^ EXETER 8TREEL 8TRANS. 



68 CBARLB8 GRIFFIN 4i CfO.'S PUBLICATIONS. 

In Lofrge 4^o, Library Style, BeautifuUy lUuitrated with SO PloUe9, tnany 
in Colours^ and 94 Figures in the Text. £2, 28. net, 

PRECIOUS STONES! 

Thelp Ppopeptles, Ooouppenoes, and Uses. 

A Treatise for Deaiera, Manufaoturera, JeiveNera, and for all 
Coi/eotora and others interested in Gems. 

By Dr. MAX BAUER, 

Profeuor in the University of Marburg, 

Translatkd by L. J. SPENCER, M.A. (Cantab.), F.G.S. 

Gknkral Contents.— General Properties of Gema: Their Natural Character!, 
Occurrence, Application, and Uses.— Detailed Description of Particular Gems: The 
Diamond, Kubiea, Sapphires ; Emeralds, Tourmalines, and Opals ; FeUpars, Amphiboles, 
Malachite.— Non-mineral Gems: Amber, tlte.— Optical Features, Transparency, Trans- 
Incency, Opacity, Refraction and Dispersion, Ac— Appendix : Pearls ; CoraL 

" The plates are remarkable for their beauty, delicacy, and truthfulness. A glance at 
them alone i^ a lesson on precious stones, whilst the perusal of the work itself should 
add a new interest to any casket of Jewels or cabinet of gems, or even to a jewellers' 
window."— ^MeTUBum. 

" The work Is one to be recommended to every Jeweller."— rA« Jeweller^ CircuUur. 



In Large Cfrown 8vo, With Numerous Illustrations, 8s, €d, 

Tlie Art of tbe Goldsmitb and Jeweller 

A Manual on the Manipulation of Gold and the Manu- 
facture of Fersonal Ornaments. 
By THOS. B. WIGLEY, 

Headmaster of the Jewellers and Silversmiths' Association Technical 
School, Birmingham. 

ASSISTED BT 

J. H. STANSBIE, B.So. (Lond.), F.I.O., 

Lecturer at the Birmingham Municipal Technical SchooL 
General Contbnts.— Introduction.— The Ancient Goldsmith's Art. — Metalluigy of 
•Gold.— Prices, Ac.— Alloys.— Melting, Rolling, and Slitting Gold.— The workshop and 
ToolB.— Wire Drawing. — Kings.- Chains and Insignia. —Antique Jewellery and ita 
Work.— Precious Stones.- Cutting.— Polishing and Jinl 



Revival.- Etruscan Work.— Precious Stones.- Cutting.— Polishing and Jiniahlng.— 
Chasing, Embossing, and Bepouss^ Work.— Colouring and Finishing.— Enamelling.— 
Engraving.- Moulding and Cfastlng Ornaments, <ftc.— Fluxes. <frc. — Recovery of the 
Precious Metals. —Refining and Assaying.- Gilding and Electro Deposition.— Hall 
Marktaig. -MiscellaneouB.— Appendix. 



Extra Grown 8vo. With 48 Illustrations, Ss. Qd, net, 

LECTURES OH IRON-FOUNDIHG. 

By THOMAS TURNER, M.So., A.R.S.M., F.I.C., 

Professor of Metallurgy in the Univeraity of Birmingham^ 
Contents.— Varieties of Iron and Steel.— Application of Cast Iron.— History.— Pro- 
duction.- Iron Ores.- Composition.- The Blast Furnace.— Materials.— Reactions.— 
Grading Pig Iron. — Carbon, Silicon, Sulphur, Phosphorus, Manganese, Aluminium, 
Arsenic, Copper, and Titanium.— The Foundiy.— General Arrangement.— Re-meltins 
Cast Iron. — The Cupola.— Fuel Used.— Changes due to Re-melting.- Moulds ana 
Moulding.— Foundry Ladles.— Pouring and Pouring Temperature.— Common Troubles.— 
Influence of Shape and Size on Strength of Castings.- Tests. 

"Ironfounders will find much mformation in the book."— Jron Trade Circular 
'{Rykmd^s). 

LONDON: CHARLES GRIFFIN t CO.. LIMITED. EXETER STREET. STRAND. 
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Griinn'8 Ghemloal and Teohnologlcal Publloatlona. 



Inorganie Chemistry, 
Quantitative Analysis, . 
Qualitative ,, 
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Third Edition, Revised, Enlarged, and Re-issued. Price 6s. net. 

A SHORT MANUAL OF 

INORGANIC CHEMISTRY. 

BY 

A. DUPRE, Ph.D., F.R.S., 



WILSON HAKE, Ph.D., F.I.O., F.C.S., 

Of the Westminster Hospital Medical School 

'* A well-written, dear and accurate Elementary Manual of Inorganic Chemistry. . . . 
We agree heartily with the system adopted by Drs. Duprd and Hake. Will makb Sxfbxi- 

MBNTAL WOKK TRXBLY INTBKKSTING BBCAUSB INTBLUGIBLB."— vStfAfn^^ RtvitW. 

"There is no question that, given the pbrpbct grounding of the Student in his ScMntt, 
the remainder comes afterwards to him in a maimer much more simple and easily acquired. 
The work is an bxamplb op thb aovantagbs op thb Systbmatic Trkatmsmt d a 
Science over the fragmentarv style so generally followed. By a long way thb bbst d fSbm 
small Manuals for Students.'^ — Analyst, 



LABORATORY HANDBOOKS BT A. HUMBOLDT SEXTON» 

Professor of Metallurgy In the Glasgow and West of Scotland Teohnioal College. 



OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR THB USB OF STUDBNT8, 

With ninatratioiis. Foubth Edition. Crown Syo, Clothe 3b. 

** A OOMPACT LABORATORY GUIDE for beginners was wanted, and the want has- 
been WKLL SUPPLISD. ... A good and osefnl book."— ixitioel. 



OUTLINES OF QUALITATIVE ANALYSIS. 

FOR THB USB OF STUDBNTS. 

With Illoatrations. Fourth EDirioy, Revised. Crown 8yo, Cloth, 3i. 6d. 

*' The work of a thoronghly practical chemist."— Brttit^ Medical Journal. 
** Compiled with great care, and will supply a want.*'— Journal of RdueatUm, 



ELEMENTARY METALLURGY: 

Including the Author's Practical Laboratory Course. With muty 
lUuBtrationB. [See p. 66. 

Thibd Edition, Revised. Crown 8vo. Cloth, 6b. 
" Just the kind of work for stndents commencing the study of metaOnrgy.'*— 
PriicUeal Engineer. 
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"The authors have aDOOiiDiD beyond all expeotetloaa, and have produced a work which 
•hould glye rutam. rowsa to the Sngmeer and JfaauCacturer."— The Tim$t, 

In Two Vols., Large 8vo. With IlliiatratioiiB. Sold Separately. 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

A PRACTICAL TEXT-BOOK. 

BY 

BERTRAM BLOUNT, F.I.O., & A. G. BLOXAM, F.I.O. 

CHEMISTRY OF ENGINEERING, BTHLDING, AND 
METALLURGY. 

OenmU Contefite.~nimu>DaOTIOH--4nieiiiUtr7 of the Chief Material! 
of Gonetmotloii—Soiiroes of Bnergy^Ohemletry of 8team-ralal]ig--4nieiiil0. 
try of Lubrloatlon and Lnbrloants— Hetallun^oal Prooesaes need In tlie 
Wlnnlns and Man nf aotnre of Metals. 

VOlLiWaS II. Pvto« IBflu 

Seookd Edition, Thoroughly Revised. Illnetrated. Ids. 

THE CHEMISTRY OP MANUFACTURING 
PROCESSES. 

Oeneral Confento. —Bulplinno Add MannfSaoture— AlkalL *o.— DattmotlTe 
Distillation -Artlflelal Manore— Petroleum— Lime and Cement— Clay and 
OOass — Sugar and Staroh — Brewing and Distilling— Oils, Resins, and 
Varnishes— Soap and Candles — Textiles and Bleaching — Colouring 
Matters, Dyeing, and Printing — Paper and Pasteboard — Pigments and 
Paints — Leather, aiue, and 81se — Bxplodves and Matches — Minor 
Manufactures. 

"Oertalnly a oood and usBruL book, conetitatlng a nkcnous aaam for ■todents br 
affordfaic a olMur oonoepClon of the numerous prooeoeee aa a wholes"— CAemlea/ TVoof 
JounuU. 

Second Edition. In Large 8vo. Handsome Cloth. With 800 pages 
and 154 Illustrations. 25s. net. 

OILS, FATS, BUTTERS, AND WAXES : 

TH£Ht PREPARATION AND PROPERTIES, AND MANUFACTURE THERE- 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc, F.R.S., 

Late Lectaxer on Chemiitry, St. MaiVs Hospital MecUcal Sdiool : Examiner 
in "Soap" to the Qty and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Part Rewritten 

By C. AINSWORTH MITCHELL. M,A., F.I.C. 

"Win be found absolutblt indispbnsablb."— rft/^iMU>f<. 
"Will rank as the Stamdaud English Authokitv on Oils and Fats for many 
reats to oome.*— AHft»f/rMf €md Iron, 

LONDON: CHARLES GRIFFIN i C0« UMITED. EXETER STREET, STRAND. 

4 



72 0HARLE8 GRIFFIN A OO.'S PUBLI0AT10N8. 

Ytfsk Editiok, Thoroughly Reviaed, Greatly Enlarged and Re-written. 
With additional Tables, Plates, and lUnstrations. 21s. 

FOODSs 

THEIR COMPOSITION AND ANALYSIS. 

By a. WTNTER BLYTH, M.R.C.S., F.IO., F.O.S., 

BBrriflter-at-Law, Pnbllc Analyit for tbe County of Devon, and 
Medical Offieer of Health for 8t Marylebone. 

And M. WYNTER BLYTH, B.A., B.So., F.C.S. 

GSNX&AL GoNTXNTB. — History of Adulteration. — LegiBlation. — Ap- 
paratus. — " Ash." — Sugar. — Confectionery. — Honey. — Ireaole. — Jama 
and Preserved Fruits.— Starches. — Wheafcen-Flour. — Bread. — Oats. — 
Barley.— Rve. — Rioe. >-Maice. —Millet. — Potatoes. —Peas. —Lentils. — 
Beans.— Milk.— Cream. — Butter. —Oleo-Marffarine. — Cheese. — Lard. — 
Tea. — Coffee. — Cocoa and Chocolate. — AlC(mol. — Brandy. — Rum. — 
Whisky. — Gin. — Arrack. — Liqueurs. — Absinthe. — Yeast. — Beer. — Wine. 
-— Vineffar. — Lemon and Lime Juice. — Mustard.— Pepper.— Sweet and 

Bitter iUmonds.—Annatto.— Olive Oil.— Water Analysis.- Appendix : 

Adulteration Acts, Ac. 

" Simply nrDisnaaABLs in the Anelyit's laboratory.*'— 2^ Lemui. 
** A new edition of Mr. Wynter Blyth's SUndard work, xhsiobsd wm axx isb aacavr 
nuooTxans Aai> mpsovsiaam, wlU be aooepted m a boon."— CAem<oa< JVImm. 



FouBTH Edition. Li Large 8to, Cloth, with Tables and Dlustratlons. 
Thoroughly Revised. 

POISONSs 

THEIR EFFECTS AND DETECTION. 

By a. wynter BLYTH, M.R.O.S., F.I.C., F.O.S., 

Barrlster-at-Law, Pnblic Analyst for the County of Devon, and 
Medical Officer of Health for St Marylebone. 

aENXRAL OONTSNT8. 
I.— Historical Litroduotion. II.— Classification— Statistics— ConneotloB 
between Toxic Action and Chemical Composition — life Tests— General 
Method of Procedure — The Spectroscope — Examination of Blood and Blood 
Stains. III.— Poisonous Oases. lY. —Acids and Alkalies. V.— Mors 
or less Volatile Poisonous Substances. YI. — Alkaloids and Poisonous 
Veffetable Principles. VII.— Poisons derived from Living or Dead Animal 
Substances. Vlll.— The Oxalic Acid Group. IX.— Inorganic Poisona. 
Appendix : Treatment, by Antidotes or otherwise, of Cases of Poisoning. 
** VndoaMedly na aoef ooimsti wobx on Toxicology In our langnageL"— HU A%ul0t fen 
" Aa a nuonoAL aviDi, we know so Binaa work.''^3'k< Lancet dm the Third EdMem^, 
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With Numercms Tables, and 22 lUnstratioiis. i6s. 

DAIRY CHEMISTRY 

rOB DAIBT MANAGEBS, CHEMISTS, AHD AHALTSTS 

A Practical Handbook for Dairy Chemists and others 

having Control of Dairies. 

By H. droop RICHMOND, F.I.C., 

CHBMIST TO THB AYLBSBURY DAIRY COMPANY. 

ConUnts.—l, iDtroductory.— The Constituents of Milk. II. The Analysis of 
Milk. III. Normal Milk : its Adulterations and Alterations, and their Detection. 
IV. The Chemical Control of the Dairy. V, Biological and Sanitary Matters. 
VI. Butter. VII. Other Milk Products. VIII. The Milk of Mammals other 
than the Cow.— Appendices.— Tables.— Index. 

"... In our opinion the book is th« bbst contribution cm tkb, subjbct that 
-HAS wr APPBARBD in the English language."— Zom^/. 



«FaUy lUofltrated. With Photographs of Various Breeds of Cattle, &o. 

6s. net. 

MILK: ITS PRODUCTION & USES. 

With Chapters on Dainf Farming, The Diaeaaea of Cattle, and on the 
Hygiene and Control of Supplies, 

By EDWARD F. WILLOUGHBY, 

lf.I>. (Lond.), D.P.H. fLond. and Camb.), 

Inspector of Farms and Oeneral ScientUic Adviser to Welford and Sons, Ltd. 

" A good inyestment to those in the least interested in dairylog. Bzcellently bonnd : 

printed on good paper, and well illustrated, numing to 269 pages, the purchaser gets as 

the price of a noyef a work which will stand good as a work of reference for some years 

to come."— ^^rteuA. QatetU. 

We cordially recommend it to ereryone who has anything at all to do with milk."— 
Dairy VForid. 

In Crown 8vo, Fully Illustrated. 2s. 6d. net 
THE LABOBATOBY BOOK OF 

DAIRY ANALYSIS. 

By H. droop RICHMOND, F.LC, 

Analyst to the Aylesbury Dairy Co., Ltd. 
Contents.— Composition of Milk and its Products.— Analysis of Milk.— 
Analysis of Liquid Products.— Application of Analysis to the Solution of 
Problems.— The Analysis of Butter.- Analysis of Cheese.— Tables for Calcu- 
lation.— Standard Solutions.— Index. 

" Without doubt the best contribution to the literature of its subject that has ever been 
written."— IfAfico/ Timut, 



In Large Svo. Handsome Cloth. 

A6RICDLTDRAL GHEISTRT AND ANALYSIS : 

^ PRACTICAL HANDBOOK FOR THE USE OF AGRICULTURAL STUDENTS. 
By J. M. H. MUNRO, D.Sa, F.LO., F.O.S., 

Professor of Ohemistry, Downton College of Agrieultore. 
[In Prtparaium. 
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Crown 8vo, Handsome Cloth. Fnlly lUustnitecL los. 6d. 

FLESH FOODS: 

With Methods for their Chemical, Microsccpical, and Baoterio- 

* logical Examination. 
A Praotioa/ Handbook for Medioa/ Men, AncUyata, Inapectora and othera. 
By C. AINSWORTH MITCHELL, B.A.(Oxon), 

Fellow of the Institute of Chemistry; Member of Council, Society of Public Analysts. 

With Numerous Tables^ Ulustratums, and a Coloured Plate, 
Contents. — Structure and Chemical ComixMition of Muscular Fibre.— of' 
Comiective Tissue, and Blood.— The Flesh of Different Animals. — ^Hie Examina- 
tion of Flesh.— Methods of Examining Animal Fat.— The Preservation of Flesh. 
— Conaposition and Analysis of Sausages. — Proteids of FleslL— Meat Extracts and* 
Flesh Peptones.— The Cooking of Flesh.— Pbisonous Flesh.— The Animal Para- 
sites of Flesh.— The Bacteriological Examination of Flesh.— The Extraction and" 
Separation of Ptomaines.— Index. 

** A complUtioa which trill be moit useful for the class for whom it is iBitendeA.''—Aikemmum. 



**A book which NO ONB whose duties iiiTolTe consideratlaas of food snp|rij CAN AFFORD TO SB^ 
wmi Oirr.' —MumUiptU youmtU, 



In Large Syo. Handeome Cloth. With numersua Illustratioiia. 
Each Volume CompleU in Itself, and Sold Sepa/rately. 

TECHNICAL MYCOLOGY: 

THE UTILISATION OF MICBO-OBGANISMS IN THE 
ABTS AND MANUFACTURES. 

A Pnutleal Handbook on hermentatlon and Fermentatioe Proeesseafor the U»b of 

Brewers and DtetUtera, Analysts, Teohnieal and Agrleuttural Chemlata, 

and aJI interested In the Industries dependent on fermentation. 

By Dr. FRANZ LAFAR, 

Profesaor of Fermentation-PhyBlology and iBacteriology In the Teohnloftl 
High School, Tienna. 

With an Introduction by Dk. EMIL CHR. HANSEN, Principal of the 

Carlaberg Laboratory, Copenhagen. 

Tbanslatsd by CHARLES T. C. SALTER. 

Vol I.-SCHIZOMYCBTIC FBRMBNTATION. I60. 

Induding the Theory qf Fermentation, the Prindplee qf SterUitation, and Pure 
Culture Proeessee. 

Vol IL, Part L-BUMYCBTIC FBRMBNTATION. 7fl. 6<L 

The Morphology f Chemistry Physiology, and Fermentative Processes cf the Bumyoetes, 
Zygomycetes, and Saceharomyoetes. 

"The first work of the kind whioh oui lay claim to eompletenesB in the treatment of 
a faaoinatlng Bubjeot. The plan is admirable, the olasBiflcauou Bimple, the style la good, 
and the tendency of the whole volume is to oontey sore informaHon to the reader."— 



%* The pabllsherB trnat that before long they will be able to pieoent EnitUah readen 
with the whole of the second volnme, arrangements having been oonolnded whereby, upon 



its appearance in Germany, the EngUsh translation will be at once pot in hand. This Is now 

being done with **" ' * * "^^ ------ 

two final parts. 



being done with Part I., which wJll be issued shorUy, and which will be foUowed b7 ^0 
' ro final I 
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In Crown 8vo, Handsome Cloth. Price 78. 6d. net. 

F E R M E N T S 

A Text-book on the Chemistry and Phyaioa of Fermentative Changes, 
By carl OPPENHEIMER, Ph.D., M. D., 

or the Physiological Ixutltate at ErlangexL 
Tbanslatbd from the Gekman by 
C. AINSWORTH MITCHELL, B.A., P.LC, P.CS. 
Abridoid Contknts.— Introduction.— Definition.— Chemical Nature of Ferments.^ 
Inflaenoe of External Factors.— Mode of Action.— Physiological Action.— Secretion.— 
Importance of Ferments to Vital Action.- Proteolytic Ferments.— Trypsin.— Bacteriolytic 
and Hasmolytic Ferments.— Vegetable Ferments.— Cosgolatlng Ferments.— Saccharifying 
Ftements. — Diastases.— Polysaccharides.— Enzymes. — Ferments which decompose 
Glncosldes.- Hydrolytlc Ferments.— Lactic Acid Fermentation.— Alcoholic Fermenta- 
tion.— Biology of Alcoholic Fermentation.— Oxydases.— Oxidising Fermentation.— Bibli- 
ography.— Indix. 

^* Snoh a Teritable muUvm in jtarvo has never yet appeared. The author has set himsalf 
the task of writing a work on Ferments that shoald embrace human emditlon on the 
subject ^^^-Brwerr Journal. 

Crown 8yo. Handsome Cloth. 
[Companion Volume to "FERMENTS," by the same Author,] 

TOXINES AND ANTITOXINES. 

By OARL OPPENHEIMER, Ph.D., M.D., 

Of the Physiological Institute at Erlangen. 

Translated from the GsRiiAN bt 

0. AINSWORTH MITCHELL, M.A., F.LC, F.C.S. 

'With Notes and Additions by the Author, since the publication of the Oeiman Edition. 

DtaXt with the theory of Baeterial, Animal^ and Vegetable Toxinee, ttieh a» 

l-uJbereulin^ Rxein, Cobra PoieoUf dke. 

Bacteriologists, Medical Students, and Scientific Workers will find this book 

most valuable. 



Third Editioii. In Handsome Cloth. Fnlly lUnstrated. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRAOTIOAL MEN. 

By WALTER J. SYKES. 

Rbvisbd BY ARTHUR R. LING, P.LC, F.O.S., 

Bditor of the Journal of the Instttnte of Brewing. 



In Crown 8vo. Handsome Cloth. 
A PRAOTIOAL LABORATORY HANDBOOK ON 

THE BACTERIOLOGY OF BREWING. 

By WALTER A. RILEY, F.O.S. 

AbkhmUD Comtbhts. — Laboratory Handbook and Apparatus. — Sterilisation. — 
Nutritive Liquids. — Microscope, Beagents, Ac — Methods of Analysis. — Practical 
Methods, including the use of " Brettanomrces," Cider and Wine Fermentations— 
J>etermining Baces of Yeasts, ^.—Practical Notes on Yeast. 
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SicoKD Edition, Revised and Enlarged. 

With TablM, lUustntions in the Text, and 37 Lithogimphic PUtes. Medium- 

8vo. Handsome Qoth. 301, 

SEWAGE DISPOSAL WORKS: 

A Guide to the Constrnetioii of Works for the Preventloii of the- 

PoUutlon by Sewaare of Rivers and Estuaries. 

By W. SANTO CRIMP, M.Inst.CE., F.G.S., 

Lata Assistant-Bngmeer, London County CooncQ. 
"Probably the most complbtb and near trsatisb on the sabject which haa appeared 
in our language. '*--.&fiSw5K»yA MttUcalJcunuU. 



BeatUi/uUy lUutircUed, vnik Numerous Plates^ Difigrams, and 
Figures in the Text. gU. net, 

TRADES' WASTE: 

UTS TREATMENT AND UTHJSATION. 

A Handbook for Boroufirh Engineers, Surveyors, Arehlteets, and Analysts* 
By W. NAYLOR, F.O.S., A. M.Inst.CE., 

Ohief Inspector of Rlyen, Kibble Joint Ooinmlttee. 



G0NTBNT8.— I. Introdnction.— II. Chemical Bnglneering.— HI.— Wool De-greaafns 
Bd Grease Beooyery.— IV. Textile Industries; Calico Bleaching and Dyeing.— V. Drei&i^ 
and Calico-Printing.— VI. Tanning and Fellmongery.— VII. Brewery and Distillery 



Waste.— VIII. Paper Mill Refuse.— IX. General Trades' Waste.— Iudbx. 

'* There is probablv no person in England to-day better fitted to deal rationally wltii 
each a Buhject/'—BrttUh Sanitarian. 

'* The work is thoroughly practical, and will serve as a handbook in the future for ttioae 
who have to encounter the problems discussed.**— CiAcmtfcoJ Tra<U Journal 



In Handsome Cloth. With 59 Illnstratlons. 6b, net. 



A Manual for the Use of Manufaoturen, Inapecton, Medical Officera of 
Health, Engineen, and Others. 

By WILLIAM NICHOLSON, 

Chie Smoke Inspector to the Sheffield Corporation. 
O0NTBNT8.— Introduction. — General Legislation against the Smoke Nuisance. — 
Local Legislation.— Foreign Laws.— Smoke Abatement.— Smoke from Boilers, t'^omaoee, 
and Kilns. — Private Dwelling-House Smoke.— Chimneys and their Construction. — 
Smoke Preventers and Fuel Savers. — Waste Gases from Metallurgical Furnaces. — 
Summary and Conclusions.- Index. 

' "This practical book on smokb abatement ... is likely to meet a long-felt 
want. . . . We welcome such an adequate statement on an important subject. 
. . . Should prove of service to Inspectors and others engaged in Smoke Abatement." 
— British Medical Jmtmal. 



Second Edition. In Medium 8vo. Thoroughly Revised and Re- Written. 

15s. net. 

CALCAREOUS CEMENTS: 

THEIR MATURE, PREPARATION, AND USES. 
By GILBERT R. REDGRAVE, Assoc. Inst. C.K, 

Assistant Secretary for Technology, Board of Education, South Kensington, 

And CHARLES SPACKMAN, F.C.S. 

"We can thoroughly recommend it as a first-class investment." — Practical Engineer. 
" We cordially recommend the book as the best on the subject."— ^'wrxv^vr. 
" The work is well iUustratcd, and forms one of the Standard Works on the subjecL" — 
Building News. ; 
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(With Four Folding Plates and Numerons ninstrations. Large 8vo. 

8a. 6d. net 

A Praetioat Trtatiae on the Selection ofSoureea and the Distribution of Water. 
By REGINALD E. MIDDLETON, M.IN8T.0.E., M.In8T.Meoh.B., F.S.I. 

Ab&idgid Gontknts. — Introductoiy.— Requirements u to Quality.— Seqnirement» 
M to Quantity.— Storage Keservoira.— Purification.— Serrioe KeeervoirB.— The Flow 
of Water through Pipes. — Distrlbuthig Systems. — Pumping Machines. — Special 
Bequirements. 

"As a companion for the student, and a constant reference for the technical man, we 
anticipate it will take an important position on the bookahelt"— Proeticflrf Bngineer. 



Thibd Edition, Reviaed. Folly IlluBtrated. In Two Volnmes. 

Volume I. Price 78. 6<l. net. 

II II.— Ready Shortly- 

THE CHEMISTRY OF 

A Hand-Book on the Produotion, Pun'flQation, and Testing of Illuminating 
Qaa, and the Assay of the Bye-Products of Gas Manufacture. 

By W. J. ATKINSON BUTTERFIELD, M.A., F.I.C, F.O.S., 

Formerly Head Ohemlat. Gas Works. Beokton, London. B. 
** The BIBT WOBK of its kind which we have ever had the pleasure of re> 
▼iewing.'*— /oumo/ of Oas Lightvng. 



With Diagrams and Illustrations. 58. net. 

THE PRIHOIFLES OF ITS GEl^RATION AND USE. 
By p. H. LEEDS, F.I.C, F.C.S., 

Member of the Society of Public Analyste and of the Acetylene Aasociation; 

And W. J. ATKINSON BUTTERFIELD, M.A., F.I.C., F.C.S., 

Consulting Ghemiflt, Author of " The ChemlBtry of Oas Manufacture." 
" Brimful of information."— CA^m. Trade Journal. 

" We can thoroughly recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods 
procedure, and to the student as a safe and certain gaide.'*— Acetylene. 



Large Svo. Handsome Cloth. Price I69. net. 

FIRE AND EXPLOSION RI8K8: 

A Handbook of the Detect/on, Inoestfgat/on, and Prevention of Fires and Explosions, 

By Db. V ON SCHWABTZ. 

Translated from the Revised German Edition 

By C. T. C. SALTER. 

ABBRmasD GransuAL Gontknts.— Fires and Explosions of a General Character — 
Dangers arising from Sources of Light and Heat— Dangerous Gases.— Kisks Attending 
Bpedal Industries. — Materials Employed. — Agricultural Products. — Fats, Oils, and 
Besins.— Mineral Oils and Tar.— Alcohol, ^.—Metals, Oxides, Adds, ^.—Lightning 
Ignition Appliances, Fireworks. 

"The work affords a wealth of information on the chemistry of fire and kindred 
topics."— fSr« and Water. 

** A complete and useful survey of a subject of wide interest and vital importance."— 
Oil and Colourman'e Journal, 

LONDON: CHARLES GRIFFIN i CO.. IIHITEO, EXETER STREET, STRAND. 
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Twelfth Edition, Revised and Enlarged. Price 68. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHERS 

INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H., 

Ftikm, Mem. CoumciL and Exammer, Smmiimrr InsHiuU tf Grtmi SrlUdH. 
tmd MtdUmi Officer U tkt SiaffvriMurt CmmUy CmmU. 

TRIftb an BppetiMs on Sanitate Xaw. 

By HERBERT MAN LEY, M.A., M.B., D.RH., 

Medical Officer •fHemUk ffr the Cmmif Barmigk 9f Weai Bremneick. 

General Contents.— Introduction— Water Supply: Drinkii^ Water, 
Pollution of Water^Ventilation and Warming — Principles of Sewage 
Remoral — Details of Drainage ; Refuse Remo^ and Disposal — Sanitaiy 
and Insanitary Work and Appliances — Details of Plumbers' Work — Hoaae 
Constniction — Infection and Disinfection — Food, Inspection of ; Chaimo- 
teristics of Good Meat ; Meat, Milk, Fish, &c., unfit for Human Food- 
Appendix : Sanitary Law ; Model Bye-Laws, &c. 

"Dr. Reid's very useful Manual . . . abounds in practical dbtaiu" 
—Briiirk Medical Journal, 

** A VERT USEFUL HANDBOOK, with a very useful Appendix. We recommend 
It not only to Sanitary Inspectors, but to Householders and all i nte rest a d 
in Sanitary matters." — Saniiarr Record, 



COMPANION VOLUME TO REID'8 SANITATION. 

Second Edition, Revised. In Crown 8vo. Handsome Qoth. Profusely 
Illustrated. Ss. 6d. net. 

Sanitary Engineering: 

A Praatioat Uanual of Town Drainage and Sewage and Refuse Diapoatti, 

' Airthorttlae, Enfffmerv, Impeoti 
Oentrvotort, and ttudenta. 

BY 

FRANCIS WOOD, A.M.Inst.C.E.. F.G.S., 

Borough Engineer and Surveiror, Fulham ; late^ Borough Engineer, Bacup, Lanes. 

GENIBBAL OONTENT8. 

Introduction.— Hydraulics.— Velodtv of Water in Pipes.— Earth Pressures and Retaining 
Walls.— Powers.— Hoiise Drainage. - Land Drainage.— Sewers.— Separate System.— Sewage 
Pumping— Sewer Ventilation.- Drainage Areas. ~ Sewers, Manholes, &c.— Trade Refuse.— 
Sewage Disposal Works.— Bactbriolysis.— Sludge Disposal.— Construction and Oeansiag 
of Sewets.— Refuse DisposaL— Chimnejrs and Foundations. 

" The volume bristles with Infonnadon which win be gr^cdUy read bjr those fai need of aaristaace. THe 
book is ooe tiiat o««ht to be ou the bookshelTes of BVBRY PRACTICAL BNGINBBR.'— Sswdftiyy yemrttmL 

** A VBRFTABLB POCKBT COMPBNDIUM of Sanitary Enirbieeriiig. ... A work which mqr. la 
mnqr respects, be considered as COMPLBTB . . . COMMBNOABLY CAUnous . . IMTBRBSnMG 
. . . S\3GGBSTTVB^"-^PtMic HtaUk Bngituer, 

LONDON: CHARLES GRIFFIN « CO., LIMITED. EXETER STREET, STRAND. 



0HBMI8TRT AND TBCHNOLOQT. 79 

Vol. I. Now Ready. In Half Morocco, 248. net. 

In Tkvo Volumes^ each complete in itself, 

PHYSICO-CHEMICAL TABLES 

FOR THE USE OF ANALYSTS, PHYSICISTS, CHEMICAL 
MANUFACTURERS AND SCIENTIFIC CHEMISTS. 

Yoiune I. — Chemical Engineering, Physical Chemistry. 
Volume II. — Chemical Physics, Pure and Analytical Chemistry. 

[Shortly. 

By JOHN CASTELL-EVANS, F.I.C., F.C.S., 

Saperintendeat of the Chemical Laboratories, and Lecturer on Inorganic Chemistry and 
Metallurgy at the Finsbury Technical Collie. 

The Tables ma^ almost claim to be exhaustive, and embody and collate all the most 
^recent data established by expNerimentallsts at home and abroad.^ The volumes will be 
found invaluable to all engaged in research and experimental investigation in Chemistry and 
Physics. 

The Work comprehends as ftr as possible all kulbs and tablcs required by the 
Analyst, Breweri Distiller, Acid- and Alkali-Manufiicturer, &c., &c. ; and also the prin- 
cipal data in Tbbkmo-Chbmistkv, ELxcnto-CHBMiSTRY, and the various branches of 
Chbmical Physics. Every possible care has been taken to ensure pex&ct accuracy, and 
-to indnde the results of the most recent investigations. 



/» Lairgt 8tw. Handwme Ohik. BeauUJuUy lUtuireUed. With 
PUUea and Figvres in the Text. 21a. 

Road Making and Maintenance: 

A PBACTIOA L T BEATISE F OB EJ TQINEEBS, 
StTBVEYOBSy AJTD OTHEB8. 

With ak Histobioal Sketch or Anoibiit aitd Modb&n Praoticb. 

By THOS. AITKEN, AssocM.Inst.O.E., 

Member of the Assoolatlon of Hnnielpal and Oounty Engineers ; Member of the Sanitary 
Inst ; Surveyor to the Ooonty Oooncil of SVe. Oapar Division. 

WITH MUHEfiOUS PLATES, DIAQRAUS, AND lUUSTRATIOMS. 

Ck>NTBNTa. — Historical Sketch. — Resistance of Traction. — Layins out 
New Roads. — Earthworks, Drainage, and Retaining Walls. — Road 
Materials, or MetaL — Quarrying.— Stone Breaking and HanlsAe. -Road- 
Rolling and Scarifying. — The Gonstmotion of New, and the Afaintenanoe 
•of existing Roads. — (Suriage Ways and Foot Ways. 

*'The Literary style Is izciLLin. . . . A ooMPannsBivs and sxciiLm Modem Book, an 
'OT-vo-DAVB work. . . . Shoold be on the referenoe shelf of every Municipal and Ooonty 
engineer or SarvsTor in the United Klncdom, and of every Colonial Bnglneflr.''— 2^ flurpsiwr. 

lONDON: CHARLES GRIFFIN « CO.. LIMITED. EXETER STREET, STRAND. 



So CHARLES QRIFFIN dh CO.'S PUBLIOA TI0N8. 

Thikd Edition, Revised and Enlarged. With Illustrations. 12s. 6d. 

Painters' 
Colours, Oils, & Varnishes: 

A PBAOTIOAXi MAinJAXk 

By GEORGE H. HURST, F.C.S.. 

Member of the Society of Chemical Industry ; Lecturer on the Technology of Paintanr 
Colourt, Oils, and Varnishes, the Municipal Technical School, Manchester. 

General Contents.— Introductoiy— The Composition, Manupactusk, 
Assay, and Analysis of Pigments, White. Red, Yellow and Orange, Green, 
Bine. Brown, and Black— Lakes—CoIout and Paint Machinery— Paint Vehidea 
(Oils, Turpentine, &c., &c.)— Driers— Varnishes. 

" A THOROUGHLY PRACTICAL boolc, ... the ONLY English work that satisfadarily 
treats of the manufacture of oils, colours, and pigments."— CMimro/ Tradt^ y^ttnuU. 

•»• For Mr. Hurst's Garment Dyeing and Cleaning, see p. S4. 



In Crown 8vo. Handsome Cloth. With Illustrations. 5s. 

THE PAINTER'S LABORATORY GUIDE. 

A Student's Handbook of Paints* Ck>loars, and Varnishes. 
By GEORGE H. HURST, F.C.S., M.S.CL 

Abstract op Contents. — Preparation of Pigment Colours. — Chemical Principles 
Involved. — Oils and Varnishes.— Properties of Oils and Varnishes.— Tests and Experiments. 
— Plants, Methods, and Machinery of the Paint and Varnish Manufactures. 
This Work has hten d^ngntdby the Author Jor the Laboratory of the TechniciU SAool^ and 

9fthe Paint and Colour Works^ and for all interested or engaged in these indmstries. 

"This excellent handbook, ... the model of what a handbook should \>t.**^Oils, 
Colours^ and Drysalteries, 



Sbgond Edition, Revised. In Crown 8vo. extra. With Kiimerons niustra- 
tions and Plates (some in Colours), inclnding Original Designs. 12b. 6d. 

Painting and Decorating: 

A Complete PraoUaal Manual for House 

Painters and Decorators, 

By WALTER JOHN PEARCE, 

LBCTUBKX AT THX XAVOBBSTKR TROmnOAL SCHOOL POR HOUSX-PAnniHa AVD DROORAHHO. 

GENERAL CONTENTS. 
Introdnction— Workshop and Stores— Plant and Appliances— Brashes and 
Tools— Materials : Pi^ents,^ Driers, Painters' Oils— Wall Hangings— Paper 
Hanging — Colour Mjyiiig — Distempering — ^Plain Painting — Staining — Varnish 
and varnishing — Imitatiye Painting — Graining— MarUing—Gilmng — Sign- 
Writing and Ijettering— Decoration : General Principles— Decoration in Dis- 
temper—Painted Decoration— Relievo Decoration — Colour— Measuring and 
Estimating- Coach-Painting — Ship-Painting. 

'* A THOROnaHLY USEFUL BOOK . . . GOOD, SOUND, PRAOTIOAL INVOB- 

MATION in a CLEAR and concise form.*'— P/timW and Decorator. 

*' A THOROUGHLY GOOD AND RELIABLE TEXT-BOOK. . . . So FULL and 

OOMPLETE that it would he difficult to imagine how anything further oould be 
added about the Painter's craft.*' — BuUderr Journal. 

LONDON: CHARLES 8RIFFIN « CO., LIMITED. EXETER STREET, STRAND. 



0HBMI8TRT AND TBOHNOLOOT. 8i 

In Large 8vo. Handsome Cloth. With 4 Plates and Seveial 
Illustrations. 16s. net. 

THE CHEMISTRY OF INDIA RUBBER. 

A Treatise on the Nature of India Rubber, its Chemical and 

Physical Examination, and the Determination and 

Valuation of India Rubber Substitutes. 

Including the Outlines of a Theory on Vulcanisation. 

By CAE.L OTTO WEBER, Ph.D. 

" Replete with scientific and also with technical interest. . . . The section on physical 
properties is a complete Htumi of every thing known on the axh}titiL''—In4ia-rubbtrJotirmaL 



In Large Crown 8vo. Fully Illustrated. 5s. net 

AND THEIR ALLIED PRODUOTS, 
A Practical Handbook for the Hanufaeturor, Agriculturlat, and Student of Teeknology. 

By THOMAS LAMBERT, 

Analytical and Technical Chemist 
CoNTBNTS.— Historical. — Glub.— Gblatink. — Size and Isinglass.— Treatment of Efflu- 
ents produced in Glue and Gelatine Making.— Liquid and other Glues, Cements, &c.— Uses 
of Glue and Gelatine.— Residual Products.— Analysis of Raw and Finished Products.— 
Appendix.— Inukx. 

In Large Crown 8vo, Handsome Cloth. Fully Illustrated. 

PAPER TECHNOLOGY5 

AN ELEMENTARY MANUAL ON THE MANUFACTURE. PHYSICAL QUALITIES, 

AND CHEIUCAL CONSTITUENTS OF PAPER AND OF 

PAPERMAKING FIBRES. 

With Selected Tables for Stationeps, Publishers, and Others. 

By R. W. SINDALL, F.C.S. 

CoNTBNTS.— Introduction.— Technical Difficulties relating to Paper.— The Manufiu:ture 
of Rag Paper, Hand-made, Machine-made ; Esparto Papers ; Chemical Wood Pulp ; Me- 
chanical Wood Pulp ; Wood Pulp Papers: Art Papers; Hemp, Jute, and other Papers. — 
The Physical Qualities of Paper: Weight, Thickne^^, Strength, Elasticity, &c.— The 
Chemical Constituents of Paper : Clay, Pearl Hardening, Gelatine, Casein. Rosin, Alum, 
Starch, Pi^ents, Aniline Dyes, ^.—Chemical Analysis of Paper. — Microscopical Analy- 
sis.— Conditions Affecting Quality.— "C.B.S. Units."— Vegetable Fibres used in Paper- 
making.— Chemical and Physical Characteristics of Fibres.— Cellulosc-Sutistics relating 
to Paper.— Tables — Bibliography.- 1 ndex. 



In Large 8vo. Handsome Cloth. With Plates and Illustrations. 7s. 6d. net 

THE MANUFACTURE OP INK. 

A Handbook of the Production and Properties of Printing, 
Writing^ and Copying Inks, 

By C. a. MITCHELL, M.A., F.I.C., and T. C. HEPWORTH. 

Gknbral Contents.- Historical.— Inks and their Manufacture.- WrltlnfiT Inks.- 
Carbon and Carbonaceous Inks. — Tannin Materials for Ink.— Nature of Inks.— Manufacture 
of Iron Gall Ink. — Logwood, Vanadium, and Aniline Black Inks. — Coloured Inks.— 
Examination of Writing Inks. — PrintlnfiT Inks. — Early Methods of Manufacture.- 
Manufacture of Varnish Inks. — Preparation and Incorporauon of the Pigment —Coloured 
Printing Inks.— Copying Inks. Marking Inks.— Natural Vegetable Inks.— Safety Inlcs 
and Papers. — Sympathetic Inks. — Ink Powders and Tablets. — Appendices. — Patent 
Specifications, &c. 

** Thoroughly well arranged . . . and of a genuinely practical order." — Britiik Printer, 

LONDON: CHARLES ORIFFIN « CO^ LIMITED. EXETER STREET. STRANDi 
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Skoond Edition, Thoroughly Revised Tkroughovjt. In Two Large 
Volwmes. Handwme Cloth. 

A MANUAL OP DYEING s 

fOR THE USE OF PRACTICAL DYERS, MANUFACTURERS, STUDENTS, 
AND ALL INTERESTED IN THE ART OF DYEING. 

B. KNECHT, Ph.D.. F.LC, "^ CHR. RAWSON, F.LCm F.C.S., 

HMd o< tlM OhMnlrtiT Mid Dyalnc DcputoiflBk of LrteHwidoltlMClMnilifaypdDydm Dt y ilw il 
Ite TWhnlflAl flohool, lUnohMlttx Sdltor of "Tho of tho TMhnloai OoUcm. Bndlord } HmOm 
ffMiBAloftlioBoaiotyofDyonaadOoloiuirti;'' OoiindIo<thoBoaiatyo7l>y«nandOoUaiMB; 

And RICHARD LOEWENTHAL, Ph.D. 

Gbmsral Contents. — Chemioid Technology of the Textile Fabrioi— 
Water— Washing and Bleaching — Acids, Alkalies, Mordants — Natural 
Colouring Matters — Artificial Or^^anic Colouring Matters— Mineral Colours 
— Machinery used in Dyeing — Tinctorial Properties of Colouring Matters— 
Analysis and Valuation of Materials used in Dyeing, &c., &c. 

'* This aathoritative aod exbaiutiTe work ... the Hon oomtlktb we haTe yet Mta 
en the rabjeot"— Iter<i/« Maikufaeturtr. 



In Large 8vo, JIandeome Cloth. Pp. i-xv + 4OS. IBs. net. 

THE SYNTHETIC DYESTUFFS, 

AND 

THE INTERMEDIATE PRODUCTS FROM WHICH THEY ARE DERIVED. 

By JOHN CANNELL CAIN, D.Sc. (Manchester and Tt^BINOBN), 
Technical Chemist, 

And JOCELYN FIELD THORPE, Ph.D. (Heidblbeko). 

Lecturer on Colouring Matters in the Victoria University of Manchester. 

Part I. Theopetieal. Part II. Praetleal. Part III. Analytical. 

" We have no hesitation in describing this treatise as one of the most valuable books 

that hss appeared. . . . Will give an impetus to the study of Organic Chemlstiy 

generally.''— C%«miea2 Trade Journal. 

"An excellent result of theoretical knowledge and practical experience, and is a 
valuable addition to technical literature."— Dyer. 



Companion Volume to Knecht d: Ratoeon's ** Dyeing." In Large 8vo. 

Handsome Cloth, Library Style. 16b. net. 

A DICTIONABY OF 

DYES, MORDANTS, & OTHER COMPOUNDS 

USED IN DYEING AND CAUCO PRINTINO. 

WUh Formuia, Properties, and Applhatlona of the oarlous aubetaneea tteadtlbeUt 

ami condae directlona for their Commerelai Valuation, 

and for the Detection of Adulteranta. 

By CHRISTOPHER RAWSON, F.I.C., F.C.S., 

Conralting Ohemlrt to tho Bebar Indigo Planter*' Aasociation : Co-Aathor of ** A Maaoal 

of I)7elng ; " 

WALTER M. GARDNER, F.C.S., 

Head of the Department of Obemistry and Dyeing, Bradford Municipal Technical GoUefs; 
Bditor of the " Joum. 80c. Dyera and Colooriata ; " 

And W. F. LAYOOCK, Ph.D., F.C.S., 

Analytical and Conralting Ohemiat 
" Turn to the book as one may on anyanbject, or any aabstanoe in connection with the 
trade, n nd a reference is enre to be found The authors have apparently left nothing out** 
'-Texti'e Mercury. 

LONDON: CHARLES GRIFFIN « CO.. LIMITED, EXETER STREET, STRAND. 



THE TEXTILE INDUSTRIES. 83 

Lftige 8vo. Profusely Illuatrated with Plates and Figures in the Text. 

16s. net. 

THE SPINNING AND TWISTING OF LONG 
VEGETABLE FIBRES 

(FLAXp HEMPp JUTE, TOW, <c RAMIE). 

A Praetioal Itanual of the moat modern Methods as applied to the HacUfng, Carding, 
Preparing, Spinning, and Twisting of the Long Vegetable Fibres of Gommeroe. 

Bt HERBERT R. GARTER, Belfast and Lilla 
OlRlSAL COKTBHTB.— Long Vegetable Fibres of Gommeroe.— Klse and Qrowth of 
the Splniiiiig Indaatry.— Saw fibre Markets.— Porohasing Baw Material.— Storing and 
Frellmlnarr OperatioiiB.—Hackllng.— Sorting.— Preparing.— T6w Carding and Miung.— 
Tow Combuig.— Oill Spbining.- The Roving Frame.— Dry and Demi-eec Spinning.— wet 
Spinning.— Spinning waste.- Yam Seeling.— Manufacture of Threads, Twines, and 
Cords.— Sope Making.— The Mechanical Department.— Modem Mill Construction.- 
Steam and water Power.— Power Transmission. 

" Meets the requirements of the Mill Manager or Advanced Student in a manner 
perhaps more than satiafactoiy. . . . We must highly commend the work as repre* 
senting up-to-date practice."— ifotur^. 



In Large 800, Haaidiome Cloth, vnlh Numerous IllustraHons, 9s. net» 

TEXTILE FIBRES OF COMMERCE. 

A HANDBOOK OF 

The Goourrenoe, Dlstribntiony Preparation, and Industrial 

Uses of the Animal, Vegetable, and Mineral 

Frodnots nsed in Spinning and Weaving. 

By WILLIAM I. HANNAN, 

Lecturer on Botany at the Ashton Municipal Technical School, Lecturer on Oottou 
Spinning at vhe Ohorley Science and Art School, Ac 

With Nnmeroiui Photo EngravlngB trom Nature. 

** (TsxixTL LnroRMATioK. . . . Admibablb iLLDtnunoHs. . . . The InformatloB 
is not easily attainable, and In its present convenient fomi will be valuable. "—^Vxfi- ' 

In Large 8vo, with lUustrations and Printed Patterns. Price 21& 

TEXTILE PRINTING: 

A FBACTIOAIi MAITUAIi. 
Inclnding the Froeesses Used In the Printfaig of 
COTTON, WOOLLEN, SILK, and HALF- 
SILK FABEICS. 
By C. F. SETHOUB ROTHWELL, F.C.S., 

irtm, Boc. of OhenUeal Industrut; late Lectwrer crt the Mumeipal Teelmieal AcAeol, 

Manehe$ter. 
GsNBRAL OoNTSNTB. — Introduction. — The Machinerv Used in Textile 
Frinting.— Thiokenera and Mordants.— The Printinapf Cotton Goods.— The 
Steam Style.— Colours Produced Directly on the Fibre.— Dyed Styles.— 
Padding Style.— Resist and Dischanre Styles.— The Printing of Compound 
Colourinn, fta— The Printing of Woollen Goods.- The Printing of Silk 
Goods.— Practical Beoipes for Frinting.— Useful Tables.— Patterns. 

" Bt wam ths bwt and moiit psAcnoAL book on nxnu FBDrroro which has yet been 
M oat, and will long remain the standard work on the sabjeck It is essentially 

la] In character.*'— IVarttle Mere wy . 

* Tn MOST pmAonoAL kakual of tbxtilb psmroro which has yet appeared. We ha^e 
no hesitation in reoommendin^it."— f%« Textile Mawfufaeturer. 



brooght 
practical 



LONDON: CHARLES GRIFFIN « CO., LIMITED. EXETER STREET. STRAND. 



€4 0HARLE8 QRIFFIN dk CfO.'S PUBL10ATJ0N8. 

Large 8vo. Handsome Cloth. 12b. 6d. 

BLEACHING & CALICO-PRINTING. 

A Short Manual for Students and 
Practical Men. 

By GEORGE DUERR, 

Olnotor of the Bleaching, DyelDg, and Printing Department at the Aeortncton and Baeop 
Technical Schools ; Qhemiat and CMoorist at the IrweU Print woriK 

AssiSTKD BT WILLIAM TURNBULL 
(of Toralmll A Stockdal^ Limited). 

With Illufltrations and apwards of One Hundred Dyed and Printed Pattenia 
designed specially to show various Stages of the Proceeses deeoribed. 

GENERAL CONTENTS. —Cotton, Composition of; Blbachiko. New 
Processes ; Printino, Hand-Block ; flat-Prese Work ; Machine Pzinting— 
MoBDANTft— Sttlss ojt Calioo-Pbintino : The Dyed or Madder Style, Resist 
Padded Style, Discharge and Extract Style, Chromed or Raised CoIodzSi 
Insoluble Colours, &c. — Thickeners — Natural Organic Colouring Matters 
— Tannin Matters — Oils, Soaps, Solvents — Organic Acids— Salts — MinenJ 
Oolours— Coal Tar Colours— iJyemg— Water, Softening of —Theory of Coloun 
— ^Weights and Measures, fta 

" When a uadt wat oat of a difflcnlty la wanted, it is icon uks this that it li fooad."— 

"Mr. DuKEA'a wobx wHl be foond most vowvl. , . . The Information glTCB is of SBBAt 
•▼AiiUi. . . . TbB Beclpee are thoeooshlt faactioai."— TetBtfle MoMi^/liiehtrtr, 



Second Edition. Revised and Enlarged. With Numerous 
Illustrations. 4s. 6d. 

GARMENT 
DYEING AND CLEANING. 

A Practical Book for Practical Hen. 
By GEORGE H. HURST, F.C.S., 

Member of the Society of Chemical Industry. 

Gbnbral Contents.— Technology of the Textile Fibres— Garment Cleaning 
—Dyeing of Textile Fabrics — Bleaching — Finishing of Dyed and Cleaned Fabrics — 
Scouring and Dyeing of Skin Rugs and Mats — Cleaning and Dyeing of Feathen— 
Glove Cleaning and Dyeing — Straw Bleaching and Dyeing— Glossary of Drugs 
and Chemicals— Useful Tables. 

" An UP-TO-DATB hand book has long been wanted, and Mr. Hurst has done nodunc 
more complete than this. An important work, the more so that seroral of the branches 0} 
the craft here treated upon are airaost entirely without English Manuals for the guidmoe 
of worken. The price brings it within the reach of aJL*^—Dy*r and CaUc^PritUer. 

** Mr. Hurst's wore dbcidbdly pills a want . . . ought to be in ihn hands dk 
■VBRV GARMENT DYKR and clcanef in the Kingdom"— TVjr/iZr Mtrcury, 

LONDON: CHARLES GRIFFIN « CO., LIMITED. EXETER STREET. STRAND. 
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INTBODUOTORT BOIBNOE 8BRIB8. 85 

" BOfB OOULD VOT ULYM A MOBB ALLUUHtt IHTEODVOTIOK tO tclentlllo pUialtl 

ttun these ohanning-looldiiff Tolainei. "—Letter to tlie Pabllahen from the Head- 
ttuter of one of our great FabUo BchooU. 

Handsome Cloth, 78. 6d. Oilt, for Preeentatioii, Ss. 6d. 

m$-m, STUDIES I]l B0TA]1¥: 

SKETCHES OF BRITISH WILD FLOWERS 

IH THEIR HOMES. 
By R LLOYD PRAEGER, B.A., M.RLA. 

Ulustrated by Drawings ftDm Nature by S. Rosamond Praeger, 
and Photographs by R. Weleh. 
Genibal Cohtsntb.— a Dusy-Starred Pasture — Under the Hawthorns 
—By the Kiver— Along the Shingle->A Fragrant Hedgerow— A Connemara 
Boff— Where the Samphire srows — A Flowery Meadow— Among the Com 
(a Study in Weeds)— In the Home of the Alpines — A City Rabhish-Heap— 
Glossary. 

"A noBH AHD BxnnTLAXiHO book . . . sbonld take a high place . . . The 
fUnitratioiii are drawn with much akUL"— Tka rtmef. 

"BBAunFULLT ILLT7BTKARD. . . . One of the Mosi AoouBAn as weU as 
•oniElBTniG books of the kind we have leen."— ^tAMMMMM. 

"Eedolent with the scent of woodland and meadow."— Tfts Stomdonl. 



Wnk 12 full-Page IlluatraUona from Photographs. Cloth, 
Second Edition, Revised, 8s, 6d, 

OPEll-AIH STUDIES Ijl GEOIiOGY: 

An Introduetion to Geology Out-of-doors. 

By GRENVILLE A. J. COLE, F.G.S., M.R.I.A., 

Professor of Geology In the Soyal Ckdlege of Sdenoe for Ireland, 
and Bxaminer In the Unlyerslty of London. 

GsNSRAL CoNTSNTS.— The Materials of the Earth— A Mountain Hollow 
—Down the Vallev— Al<mff the Shore— Across the Plains — Dead Voloanoes 
—A Gianite Highland— The Annals of the Earth— The Snirey Hills— The 
Folds of the Monntains. 

**The FAsonrATnio *Opbv-Aib Sronns' of Paor Oou cItb the subject a olow or 
AiDCAnoH . . . cannot fail to arooae keen interest In geology.'*— Owlo^tei MagatiM, 

** A OKABMnra book, beantlfally iilnstrated.'^-^MMffiim. 



Beautifully Illustrated, With a Frontispieoe in Colours, and Numerous 
Speoialiy Drawn Plates by Charles Whymper. 7s. 6d. 

0PE]1-AIH STUDIES qi BlHMIpE: 

SKETCHES OF BRITISH BIRDS IN THEIR HAUNTS. 
By CHARLES DIXON. 

The Spadons Air.— The Open Fields and Downs.— In the Hedgerows.— On 
Open^Heath and Moor.— On the Mountains.— Amongst the Evergreens.— 
Copse and Woodland.— By Stream and PooL— The Sandy Wastes and Mud- 
flats.— Sea-laved Books.- Birds of the Cities.— Imdxx. 

*' Enriched with excellent illustrations. A welcome addition to all libraries."— ^«r/- 
mdmtter Xtvitw, 

lONDON: CHARLES GRIFFIn « CO^ UHITEQ: EXETER STREET. itmXk 
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86 CHARLES QJtlFFIN S CO.'S PUBLWATI0N8. 

Twentyseoond Annual Issue. Handsome oloth, 7b. 6d. 
(To Subscribers, 6s.). 

THE OFFICIAL YEAR-BOOK 

or ram 

SCIBNTinC AND LEABMED SOCIETIES OF GREAT BRITAIll 

AND IRELAND. 

oomfhad from oinoiAij aouBoaa 

OompHaing {together with other Offlolal Information) U8T8 of th€ 
PAPERS read during the Seaahn 1904-1906 before all the LEADINS 
SOCIETIES throughout the Kingdom engaged In the following Depart- 
menta of Reaearoh :— 



f s. Sdflnce GenenJly: ijg., Sodedesooaipy^ 
tng thcBuelves with wettnX Bianchet of 
Sa«noe, or with Sdenoe and literatim 



fa. Ifarhrtnatict and Phyaca. 

1 3. Cbenuatry and PhoCogiaphy. 

1 4. Geology, Geography, and Mmeralogy. 

I s- Biology, inclndhig Mioroicopy and An- 
thropology. 



4 6. JBoooomic Sdenoe and Statiatka. 

\ 7. Mechanical Science, EBgiaeeiing, aod 

Architecture. 
9 8. Navaland Militazy Saenca. 
I 9. Agriculture and 
f la Law. 
f II. Literature. 
|xa. Pkydiology. 
$13. Archeology. 



fx4. MSDiaNB. 

"Fills a very real want." — Engineering, 

" Indispensable to any one who may wish to keep himself 

abreast of the scientific work of ^e day." — Edinburgh Medical 

/aumal. 

" The Yba>-Book of Socdbtiss it a Record which ought to he of the greateit uae ior 
the progre«a of Science.'* — ^<>nf Plaxfedr, F.R,B., K.CB,, M,P„ PMt-PrtndnU oftkg 
BriHMhAsa§ciai%0H. 

**It goes ahnoat without nymg that a Handbook of this solqect wiU be in tane ' 

oae of j» moat gcttwraHy uaefiil worla fiar the librar y or the deek."— 7il» Times. I 

"Biitiah Sodetiea are now weU r e m eaentea In the 'Yea^Book of the Scknlific aod 
Leaned Sodetiet of Great Britain and Ireland."*-KArt. "Societies*' in New Bdidanof I 



'EacydopsBdia Britannica," toL xziL) 



Copies of the First Issue, giving an Account of the History, 
Organization, and Conditions of ^ Membership of the various 
Societies, and forming the groundwork of the Series, may still be 
had, price 7/6. Also Copies of the Issues following. 

Th e YRAR-BOOK OF sociBTiKS foims a complete iNPax to the saMiTiFic work of the 
lessionaTylM^^E^anous^epartments. It is used as a Handbook in all our great 
SciVMTiFic CsNTKXs, MusBUMS, and LiBRARiBS throughout the Kingdom, and has be«oaM 
an INPISPKNSABLB BOOK OF RHFKRKNCK to evety One engaged in Scientific Woiic. 

READY IN OCTOBER EACH YEAR, 

LONDON: CHARLES GRIFFIN « CO., LIMITED. EXETER STREET. 8TRAIID. 
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